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CHAPTER ONE

INTRODUCTION

RS- PSS 5 PSP S

Small ruminant production has always been an important source
of meat in Migeria, With rccent meat shortage and the increasing
costs, shecp and goats have assumed an even greater importance as
a source of meat for an increasing larger number of Mgerians
particularly in the rural arcas. !

Apart from the meat, there are other products like milk for
coﬁaumption, skin which is used as raw material for local industrics
and for export, and the manure, for agriculture. Breeding sheep
for wool is not yet & popular venturc in this country. {

Small ruminants generally suffer from parasitic diseases

including gastro-intestinal heiminthiasis. This is a polyaetio- - :

__IOgic disease complex, causing low mortality except in acute

i

i haemonchosis in which mortality could reach high proportions.

H

* Similarly chronic development with high morbidity, reduces animal

.

_production, - . ;

In Migerla, gastro-intestinal helminthiasis of sheep is

'Tif usually produced by one or more of thc following species of

helminths ;- Haemonchus spp. Trichostrongylus spp- Oesophagostomun

spp; Strongyloides spp. Bunostonum spp. and Gaigeria sp. (Schillhorn,

Shonekan and Fabiyi, 1975).




Among these, H. contortus, T. colubriformis, 0. columbianum and

G. pachyscelis are considered to be primarily involved in the
discase complex in Migeria (Kuil 1970, Schillhorn, 1973). The
diseases produced by these heiminths need to be controlled before
| animals are expected to give maximum yield. However, a sclentific
control program can only be viable when based on the knowledge of
the biology of the parasites including the geoclimatic conditions
of the eénviromment which ensure the survival of the free-living
forms. It is only after knowing these conditions that prophylactic
control methods can be applied. - |

Of the helminth disecases in Nigerian sheep, the mo#t
prevalent and most pathogenic has been reported to be haemonchosis

produced by Haemonchus contortus (Kuil, 1970). This 1s always

accompanied by infection with Trichostrongylus spp.. Several

different factors of importance like climatic conditions (Fabivi,

1968 amd 1970, Kuil 1970), periparturient rise in faecal egg counts

(Van Geldorp and Schillhorn, 1976), and Inhibition phenomenon

(Hart 1564), have been implicated in the epizooticlogy and

pathogenccity of gastro~intestinal helminths under Nigerian conditions.
The purpose of this work thereforc was to investigate

helminthiasis in sheep under MNigerian conditions with emphasia on:

(1) the survival of the frec~iiving stages of Haemonchus app. and

Trichostrongylus spp. on pasture in relation to infectivity.



" )

(2) The epidemiology of the inhibited larval forms,
.(3) Brug trials to find out which of the currently used anthelnin-
. ties and in what dosages would be most effective against the inhibie
- ted forms for effective prophylaxis. ;

(4) Blood pictures in acutc and chronic helminthiasis,

H

!
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CHAPTER TWO !

REVIEW OF LITERATURE

'

The Biology of gastro-intestinal Trichostrongyles

Maie.and.female sexes are separate and all females are
'.oviparous. Pecundity which can be very bhigh in certain genera
depends on a series of factors like immune and health status of
.; the hest. A female ikemonchus spp. 1lays between 5000-10000 eggs

per day while Trichostrongylus axel according to Leland (1963)

lays on the average 27.9 eggs in 24 hours. However, Gordon (1967)
believes that specles of the latter genus produces between 100 to
200 eggs in 24 hours. Fgg is ovoid with a thin transparent shell,
Whgn egg 1is fresh, the internal structure can be seen under the
@icroscope. Tis consists of darkish blagstomere which has already
started segmentation. In certain genera for example Haemonchus,
egps are excreted from the helminth in the pre-morula stage while
in others, cgps are already in the bastomer stage as 1s the case
with the genus Chabertia, i
Dimenaion of the eggs vary with the genus éf the parééité.

Some are as small as 60 microns in length and 30 microns in breadth

as are found in species of Cooperia whilc others are as large as

i
X



260 microns in length and 110 microns in breadth as are found in
the genus Nematodirus.

For the normal development of trichostrongyles, it is
essential that their eggs pass through the external medium where
their development depends on a series of physical, chemical and
biological conditions. Normal development of trichostrongyles in
the outside enviromment embraces the following stages? maturation .
of eggs, hatching, development of larve stage !, moulting,
development of larva stage 2, moulting, and development of
infective larva. All these stages are influenced by outside con-
ditions among which temperature, humidity, moisture, and oxygen are

considered to be of major importance.

EEEEerature

A temperature range of 20°C and 30°C has been found to be
most suitable for normal egg development. Above or below this,
there is reduction in the capability of the egg to develop and

may lead to their destruction.

Suteu (1955) in a series of laboratory experiments on

Namatodirus folicollis, showed that at +37°C, after 48 hours, eggs

developed into larval stage 1 but no hatching could take place and

after 15 days all eggs had their contents disorganised. However,
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at a temperature of between +15-21%, development of eggs was Slow
and the first set of larvae were formed in the eggs after 2 weeks.,
As regards the effect of low temperature and freezing, he found that
" the eggs of N.filicollis do not develop a2t all at a temperature

below #5°C. . |
( ~ Sitverman and Campbell (1959) working with Haemonchus
l v
contortus, maintained that at OOC, eggs did not develop. At

o *7.2°C, eggs passed from the bhlastomer stage to the morula stape

in 8 days, a process which took only 2 days at +11°C and a single
day at +14,4°C. o
From the morula stage to the gastrula stage, they found that

it took 18 days at +7.2°C, 3 days at 1% ana 2 days at +4,4%,

. Fggs reached prehatching stage after 24 days at a temperature of

' *7.200, 8 days at «11°C and 5 days at +14.4%. ihey concluded
that at a temperature of +?.2°C cggs do not hatch unless they are
glven a temperature of at least +#°C. Rosc (1963 ) showed that

morulated eggs of H.contortus could resist freezing in a proportion

- of 100% for a period of 4 hours, 20% for 22 hours while at 24 hours,

all were dead. However, embryonated eggs were alive in a proportion
of 50% after 24 hours of freezing, but were all dead after 4 days,
He pointed out that at *7.5°C, only up to 10% of the eggs reached
embryonated stage but this proportion went up as high as between
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60% and 90% at +11°C. Comway (1964) followed the development of
the eggs of H. contortus and found that these get to pre-hatching
stage in 12 days at +14°¢C, . o o
f Rose (1966) rcported that morulated eggs of N. helvetianus
could resist freezing in the proportion of 80% for 15 days and 74%
for 10 weeks. ALl these investigations were carried out under
controlled laboratory conditions, At the same time similar data
were collected under field conditions. Generally, the results

obtained under field conditions arc comparable in certain aspects

to those obtained under controlled laboratory conditions, Heggs

P
i

devefob better under fairly cool conditions than under low
environmental temperature, It has been obscrved in temperate
countries that AQuring winter, the eggs of Haemonchus spp. and

Oesophagostomum Spp. are killed while those of Nematodirus spp.

Ostertagiz spp. and Trichostrongylus spp. are preserved, The eggs

of MNematodirus spp. arc able to survive on pasture all the year
round.

Andersen, Levine and Marquiardt (1964) in the United

States of America deposited eggs of C. onchophora, M. spathiger,

e )
T. colubriformis and H. contortus on pasture in November. On the

20th of April, they sampled the pasture and were only able to

find the larva¢c of Nematodirus spp. and Cooperia spp., and cencluded
[ 1 " .

< R



that the eggs of the other 2 species were unable to survive the
winter, Andersen, Boatman and Levine (1965) in 2 similar experi-

ment deposited eggs of T. colubriformis on pastute and studied

further the proportion of hatching in the different periods of the
year, They reported that the best hatching percentage was obtained
during May, June and July. Goncalves and Saraiva (1965) in Rio
Grande do Sul had the belief that the eggs of trichostrongyles of
sheep would survive on pasture only for 2 months during summer.
Donald (1968) reported that in Australia, the highest
hatching percentage of nematode parasites of sheep was obtained
from eggs exposed on pasture during September, June, April and Hay.

According to Boag and Thomas, (1970) T. colubriformis and

O. circumcincta produce very resistant eggs, which can survive

the year round under different climatic conditions.
The resistance of the eggs of some trichostrongyles in
the external environment to varying degrecs of temperature is very

important in the epidemiology of the discase.

The effect of moisture and relative humidity on cgg development

Trichostrongyle eggs in order to develop well, neced some

degree of moisture. Usually this factor goes hand in hand with



temperature requirement and it is also as important. The degree
of moisture also depends on the amount of rainfall in a particular
environment.

Shorb (1943, 1944) working with H. contortus, found that
eggs which have already rcached the prehatching stage could
resist dessication for just o few hours. DMnnik and Dinnik (1955)
working in Kenya found that about 25.7 mm of rains for 10 days
with a2 mean minimum temperatuce not less than 11,7°C were
necessary for development of eggs of I. contortus to the infective
larvae in the field.

In the opinion of Suteu (1955), the metabolic processes in
a trichostrongyle eggs are produced variably with thermal
variations.

Silverman and Campbell (1959) found that different stages
of H. contortus eggs up to prehatching stage are quite sensitive
to desiccation but the prehatching stage itself can survive for up
to 6 weeks in dried faeces. Rose (1963) reported that embryonated
eggs of H. contortus could survive dessication for just 24 hours.

Belle (1959) remarked that the eggs of 3. trigonocephalum would not

develop at any temperature below 15°C or above 35°C. Deodhar

(1965) stated that in a dry atmosphere, development of eggs of
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Mecistocirrus digitatus is impeded and only very few will get to

prehatching stage.

Under excessive humidity, hatching does not take place and
the eggs get destroyed. This was the findings of Popescu (1967)
working on some trichostrongyles of shecp in Romania. Soulsby
(1968 ) indicated that embryonated cpgs of all strongyles would
survive some weeks under dry conditions while those morulated were
quickly destroyed. BEmbryonated eggs however would not hatch unless
optimum relative humidity is assured. It is quite evident from the
above citations therefore, that envirommental temperature and
relative humidity would go together to determine egg development.
The degree of egg resistance depends on its stage of development,
(Dinaburg 1944, Gordon 1948) ¢ and for metabolic processes in
the egg to go on normally and embryogenesis to occur, an optimum

relative humidity must be assured.

The effect of light

All other conditions assured, trichostrongyle eggs will
develop well either under darkness or light but rate is slowed
down under darkness. Dinnik and Dinnik (1958) placed some faecal

pellets with eggs of H. contortus on grass under a shaded tree,
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another sample was placed under a trce with trcduced foliage which was
well exposed to light. ‘They found that development was greater in
pellets kept under a tree with shade. Development of larvae was
hampered in the pcllets which were exposed to strong sunlight.
Popescu {1967) reported that with trichostrongylc eggs, after 24
hours incubation in the dark a contour of the l1larvae was observed in
the egg shell and after 48 hours, eggs were already hatching in increasging

number up to 7 days. In the culture exposed permanently to 1ight, al}

the eggs werc hatched within 5 days.
|

I

Bffect of oxygen

i .
Trichostrongyle eggs do not develop under anacrobidc conditioms.

Oxygen is necesgary for their development. According to Michel (1956)

when a pasture is flooded, the respiration of strongyle eggs is

interrupted, leading to their death. He explained that loose soil and

sandy soils which are well aerated favour egg development, whercas

impermeable and clay scils impedc acration and lead to destruction of cggs.
Blood and Henderson (1968), Lapage (1968) and Soulsby (1968)

have stressed the fact that trichostrongyle eggs develop normally

and metabolidc processes run their normal course only in the presence

of oxygen. S _ . --‘.

' . '
np . . . ‘
K . .
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Normal development of trichostrongyle eggs

|
.
3

I; the environment, oxygen, optimum temperature and mgisture being
available, eggs start their development. When freshly laid, the content
is darkish and segmentation is at the stage of 2 to 8 blastomers. PFive
hours after excretion from the heilminth, the content of the blastomers
turns faint, spreads in the egg and becomes transparent. 'The clearing
process starts from the periphery towards the center. Aftcr 8-=9 hours,
the content becomes granulated, and there appears a muriform mass which
takes an elongated shape and 1little by little, a contour of the larva is
formed. The larva now starts to move in the cgg shell., This form of
embryonated egg is cxtremely resistant to environmmental cenditiens.

Andersen, et al., (1966) reported that embryonated eggs of

T. colubriformis could survive for 2 days at -95°C and that at a stage

just before hatching, the egg could survive for 61 days at -95%%.
Popescu (1967) observed that after 36-48 hours incubation,
trichostrongyle egg had in it a coiled larva with visiblc movement,
This larvaz at the beginning, had uniform colour but with some dark
pointa all over. Soulsby (1968) found that embryonated cgg survive even
at temperatures below 0°C and also could resist desiccation for some weeks.
Under optimum conditions, trichostrongyle eggs llberate the
first stage larvae or L, by the process of hatching. The success or

failure of eggs to hatch depends on a series of factors of which the
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following are the most important: PBnvironmental temperature, Genus and
species of the parasite, variety and Individuyality of the parasite and

Bgg volume.

Effects of environmental temperature on cgg hatching

As mentioned earlier on, the normal development of an egg requires
a temperature of between 20°C and 30°C, However the temperature neceded
for the hatching process can vary a great deal.

Shorb (1943) and Dinaburg (1944) working on H. contortus in
America, found that the lowest temperature at which eggs of this
species could hatch was +18°c. 1In Scotland, however, Silverman and
Campbell (1959) indicated that eggs of H. contortus would hatch even
at temperatures as low as »°c.

In contradiction to many other authors, Ciordia and Bizzel (1963)
found that there did not exist any important difference in the embryo-

genesis, hatching and larval development of C. punctata, C. oncophora,

O. ostertagi, T. axei and T. colubriformis. They indicated that eggs

of these species would hatch at a temperature between +°C and +35°C,
Temperature requirements by some trichostrongyle eggs for
hatching as reported by Crofton (1965) and Crofton and Whitlock (19652)

are summarized in Table I.



Table 1

Temperature requirements for egg hatching of

some trichostrongyle species

Species Temperature range for egg hatching
%
O. circumcincta + — +34
C. ovina + —— 436
T. axei +8 — +36
H. contortus 9 —— +36
C. oncophora +15 — +38
E. trigonocephalum +15 vonan +34
C. curticei +16 —-— +38

It could be seen from this tablc that C. curticei, C. oncophora and

B. trigonocephalum nced relatively high temperature for their eggs to

hatch while thosc of O. circumcincta and C, ovina may hatch even

under fairly low temperatures.
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. Bffects of Genus and spccies of the parasite on egg hatching

Hatching takes place after a certain period of incubation.
This period may be short or long depending on the genus to which the
parasite belongs. In Nematodirus, a genus in which all the first 3

larval forms are formed in the eggs, hatching does not take place until

- about 2 to ¢ wecks under optimum conditions. In the genus Haemonchus,

all conditions being optimum, hatching can occur between 12 to 24 hours

while in Trichostrongylus spp. hatching occurs in 3 to 5 days.

Suteu (1955) concluded that at 42600, the eggs of Nematodirus spp.
would hatch after 2 weeks while in his work on different species of
Nematodirus, Thomas (1959) found that at +21°C, epgs develop to

f

prehatching stage in the follewing interval:

N. helvatianus after 17=20 days
N. spathiger after 18-22 days
N. filicollis _ after 24=-27 days

' M. battus af ter 28-30 days

P T T

A
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Roge (1963) showed that eggs of N. helvetianus when cultured.on wet
faeces at a temperature of between +25 and +26°C would hatch after
13 to 168 days while at +20°C, hatching time was between 30 and 180 days.
In dried faeces, at a temperature of between +25 and +26°C, the
eggs hatched in 14 to 278 days and at +20°C, they hatched in 22 to
310 days.
Soulsby (1968) found that the eggs of N. battus do not hatch
spontaneously but must be subjected to alternating high and low
 temperatures like -2°C and then exposed to +21°C. He also stated that

apart from the eggs of Nematodirus spp. eggs of trichostrongyles

belonging to other genera would hatch in 20-24 heours at +26°C.

. Effects of variety and individuality of the parasite on egg hatching

i
«l

There 18 a great variatlion between development and hatching

of eggs from the same species of trichostrongyle belonging to

. diffexent strains. In their invcstipations on 0. circumcincta, Crofton
and Whitlock (1965a) found that in the strain from Bristol, hatching
did not take place at tempcratures above +34°C or betow +°C while in

Q. circumcincta obtained from Cornell, hatching could take place between

- 410°C and +38°C. Crofton, et al., (1965) working with H. contortus,

showed that embryonated eggs of the strain from Bristol would hatch at
© oy ;

..s‘-
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temperatures between #°C and 436°C; those from Cornell would hatch
at between +15°C and +41°C, while those from Kentucky would hatch at
between +15°C and +40°C,

Not all the eggs in a culture incubated at the same time and
under the same conditions develop simultaneously. Crofton et al.,
(1965) observed 3 types of Haemonchus spp. in Cornell using a vulvular
structure as the criterion for differentiation. These types are smooth,
linguiform and knobby types. From their results, it was evident that at
+40°C, only the eggs from the smooth type would hatch after a period
of incubation of 14.5 hours. The other 2 types did not hatch., At a
temperature of +26°¢ egpgs of the smooth type hatched after +18.5 hours,
while eggs of the other 2 types hatched after 18 hours. Similarly, when
the eggs were incubated at +17°C, eggs of the smooth type hatched after
67 hours while those of the other 2 types hatched in 67.5 hours.

The explanation for this strain variability may be attributed

to the genetic constitution of evey helminth,

Effects of egg volume on egg hatching

The time needed for a trichostrongyle egg to hatch is directly

proportional to the volumc of the egg.
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Crofton and Whitlock (1965h) observed that the larger the volume of
an egg, the longer it takes to hatch. They concluded that the minimum
volume of eggs of a species determine the minimum time necessary for
hatching at a certain tempcrature whereas the maximum volume will
determine the maximum time necessary. This observation is however only
theoretical, since there ape several other extrinsic factors that control
hatching.

|

The larval forms of trichostrongyles

A trichostrongyle larva passes through 5 stages of development,
3 of ;hich occur in the external environment and 2 stages in the animal
host.
The first larval stage is elongated, sharpcr at one end, with
a rudiment of buccal orifice. The cuticle iz uniform light brown
and covers the whole body length. It 1s a free-living form and
feeds entirely on bacteria from the soil and faeces (Soulsby, 1958).
After about 24 hours, undér optimal conditions, this first stage
larva takes a lethargic position in preparation for a moult. It

moults into secord larval stage. This form is similar to the former except

that the body is more developed and movement is more vigorous.
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In another 24 hours under optimal conditions, the second stage
larva moulte into the third larval stage called the infective larva,
(Niculescu 19&8, 1969, Niculesy and Lungu 1968). 'The third stage
larva remains covered with the cuticular covering of the sccond stage
. larva, Infective larva does not feed but lives on the rcserves of its

S
1ntestiha1 célla and up to a particular stage, if it is not ingested by
a host, the intestinal reserves are exhausted and it dies off.

The time necessary for development from egg to the infective

larva ﬁ;pends among other things on the genus of the parasite. Upder

- optimal conditions, it takes the following days for the different

. genera to reach the infective larval stage (Table 2). : E
!



Table 2

Duration of development from cggs to infective

! larvae in somc trichostrongyles*

Genus ok parasite ~ Duration of dcvclopmént from ecgg
to infective larvae in days
Haemonchus 3a5
Ostertagia 4o
Trichostrongylus | 37
Hinos tomtm 3u?
Chabertia ' : k)
Oesophagos tomum 3.7
Cooperia Fu7
Nematodirus o : 21-28

* Adapted from Niculescu (1968) and Soulsby (1968)
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Silverman and Campbell (1959) stated that from eggs to the infective
larva stage, it would take H. contortus 15 to 20 days at a temperature
of +11°C while it takes only 3-4 days at +37°C. Rose (1963, 1966)
indicated that eggs of H. contortus developed to infective larvae in
3-5 days at +25 to +26°C and 15 to 30 days at +10 to +11°C, With eggs
of N. helvetianus cultured in wet faeces, development to infective
stage took 12 to 41 days at +16 - +26°C. From these results, it is
evident that as temperature is near to optimum so also development to

infective larvae is more rapid.

The resistance of larvae stage one and stage two

These 2 larval forms do not present much importance due to
the fact that they are not infective to the host. Théir resistance
in the external environment is very low. According to Rose (1963),
the stage one and stage two larvae of H. contortus could survive
freezing at =6°C in proportion of 60% for 12 hours and proportion of
10% for 23 hours. He also sustained that at desiccation, the larvae will
all die in less than 24 hours. Andersen, et al., (1966) worked on
larval stage 1 of T. colubriformis. They found that this could survive

for 4 days at a temperature of ~95°C whereas larva stage 2 could survive
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32 days at similar temperatﬁre. Furthermore they discoveré& tﬁat at
+4°C, only 15% of larva stage 1 could live up to 64 days whereas under
simiiar conditions only 14% of larvae stage 2 wer alive. According to
Blood éhd Henderson (1968) larval stage 1 and stage 2 of C. ovina are
reasonably resistant to cold weather and Donald (1968) maintained that
fluctuations in meteorologic conditions have a2 serjous effect on the
development and survival of larvae stages 1 and 2,

Lapage (1968) reported that stages 1 and 2 larvae are quite
sensitive to humidity and temperature and this is why many of them die off

before they ever reach the infective stage.

The infective larva

The morphological features of the infective larva vary with the
species and these are described by Douvres (1957)., It is the most
resistant larval form and the oniy element of infection. It migrates on
plants or buries in the vegetative mass under plants. This tarval fornm
prefers dark and wet places and they are much more active at night or
iate in the evening. When active, they climb vertically on grass blades,
Thedr resistance is conferred by the cuticular covering which they

inherited from larva stage two.

B
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The resistance of infective iarvae in the environment has been
subject of considerable study. Laboratory and field studies have been
carried out to evaluate the resistance againgt the following environmental
physical factors:= temperature, moisture and relative humidity, soil
type, light and solar rays. | |

Effects of temperature on the infective lacva

1
i

Tﬂe optimal temperéfure for larval activity is between 26-28°¢,
If temperature in the environment is too low, trichostrongyle larvae
are not able to effect their migration on pgrass and leaf blades, The
optimal temperature for infective larval survival is between 4°c ana
AOC (Gevrey, 1959). [arval resistance to temperature is a function of
the genus to which the parasite belongs. Some are very resistant to

temperafure such as Nematodirus spp. Ostertagia spp and Trichostrongylus

spp. while others are less resistant (CooEcria spp. Mecistocirrus spp.

Oesophagos tomum spp. and Hacmonchus spp). Poole (1956) made an obsCIVAe

tion on Nematodirus filicollis that the infective larvae could survive

temperature range of between ~65°C and +74°C and that 22% of the larvae

would survive for 22 weeks at a temperature of -6.5%¢C.
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The infective larvae of H. contortus, according to Rose (1963)
could survive freezing at -6°C in the proportion of 100% for a period of
5 hours and in the proportion of 15% for 11 days, Under similar conditions,
the larvae of N. helvetianus survived in the proportion of 100% for 4
days, 60% for 19 days and 13% for 105 days (Rose 1966). He did mention
that at a temperaturc of *?OC, the larvae of this species survived 100%
for 5 months and 20% for 20 months whereas at +26°C. 95% survived for 4
weeks and 20% for 3 months.
Under temperate conditions, it was fournd that the infective

larvae of H, contortus, T. colubriformis, C. curticei and O. columbianum

could survive for 4 months during winter and for only 4 weeks during summer
(Goncalves and Saraiva, 1965)., The resistance of the larvae of

B. trigonocephalum was tested by Narain (1965) and his findings showed

that at +5°C, the larvae survived for 70 days while at 440°C, they

survived for 5 days. In their own contribution to this subject,

Andersen, et al., (1966) investigated the survival of T. colubriformis

infective larvae at very low and very high temperatures. At -9500, the

larvae were still alive in the proportion of 100% aftcr 67 days, 00. after

308 days at +0°C anc 75% cfter 425 daye it +10°C, 'his ig the first recorded
wnrl: in vhich infeetive larvae hove been svbiected to such extremes and in which

they are found to survive for over one year at such a high temperature as +0°c,
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On a field observation, Williams and Mayhew (1967) found that
the infective larvae of C. punctata, T. axei and O. radiatum could
syrvive for up to 5 months in autumn and the first part of winter. In
the temperate, at this period of the year, envirommental temperature is
fairly low and there is plenty of moisture. Chabra and Singh, cited by
Shanker (1970) worked with O, columbianﬁm under laboratory conditions and
found that the larvae could survive the temperature of -18°C in the
proportion of 8,6% for a period of 18 hours, 10.,3% for 7 days at 0°C and 8%
for 28 days at +37°C.  Shanker (1970) working with the same species,
found that at -ISGC, 72% of the larvae lived for 8 hours, and 3% for
18 hours. At OOC, he found that 92% were still living after 4 days
and 30% after 7 days. At +4°C, 70% were aldve after 26 days. 39% of
them lived for 56 days at +25°C and 81% lived for 28 days at +30°¢.
In a recent work, Ardo (1977) working with the infective larvae
of H, contortus found that all those incubated at 50°C died within 45
minutes, those at 40°C were all dead after 6 weeks and at 0°C none did

survive beyond 8 weeks. More than 50% of those incubated at 26°C were

gtill alive after 16 wecks.
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Aﬁdersen, et al., (1965}, Rosc (1963, 19;;), Donald (1968),
Boag and Thomas (1970) and several others arrived at the conciusion that
the longevity of infective larvae of the differcnt trichostrongyle species,
varies between 8-50 weeks depending on the season of the year, The
climatic conditions during autumn and winter in temperate countries are
not suitable for larval survival while in tropical climates, the high
temperature during the dry season is lethal to the larva,

i

larval resistance to relative humidity, moisturc and dryness

The relative humidity of an arca is conditioned by the amount of
molstute in that area. 'The two, are important factors for trichostrongyle
infective larvae in that they affect larval migration. However, too
little or too much is quite destructive to the larvae,

Roge (1963) desiccated some larvae of H. contortus in an
atmosphere with a relative humidity of 90% and found that up to 93%
of them lived for 3 days and only 10% survived up to 50 days. When
desiccatdon was carried out in an atmosphere with relative humidity
of 30%, 95% of the larvae lived for 24 hours and after 4 days, only

6% were alive,
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Based on their field observation, Silangwa and Todd (1964) had
the opinion that larval activity is activated by humidity, because they
find that most larvae were found on wet grass blades and only very few
vere found on dry grass., The reason why the larvae of O, ostertagi
survived the greatest during autumn and winter is due to the fact that
there is favourable humidity coupled with 2 not very high temperature

(Williams, 1955). |
On T. colubriformis, Andersen and levine (1968) ttie& desiccation
at -95°C and found that some of the larvae were still living after 128
days. When desiccated at -20%¢ about 5% of the larvae were ative after
128 days. This shows that deslccation under low temperature is not as
drastically lethal to larvae as is desiccation under high ftemperatures.
Migration on vegetation is theo main activity of infective larvae
#ince this facilitates their being picked up by the grazing host.
According to Soulsby (1968), for this migratory activity, 2 maximum of
0.12m1 of water per square centimeter of soil is eseential and according
to Steward and Douglas cited by Tripathi (1969), larvae of T. axed
are able to survive for up to 230 days in water at a depth of 5 mm.

Tripathi (1969) immersed some trichostrongyle larvae in water and followed

thelr development. He observed that the Infective iarvae of Haemonchus spp.
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died in a proportion of 87.5% after 35 days at 1 c¢m. depth while 90%

died after 95 days at 4 cm. As for Oesophagostomum spp., 50% died after

35 days at a depth of 1 cm. and 100% died after 40 days at 4cm. Under

similar conditions, the larvae of Trichostrongylus spp. resisted up to

80 days at a depth of 1 cm. and up to 60% had died after 40 days at 4 em.
Shanker (1970), coupled the effect of temperature with that of relative
humidity, and found that under laboratory conditions, the larvae of

Oesophagostomum spp. are quite sensitive to dryness. At a temperature

of +25°C with a relative humidity of 100%, he found that 73% of the
larvae survived more than 25 days. When relative humidity was 75.5%
with temperature of 30°C, only 30% of the larvae lived for more than 25
days,

It is clear from this review therefore that too high relative

humidity coupled with low temperature is destructive to infective larvae,

Effect of soil type on infective larvae

As in the case of eggs, the survival of infective larvae depend
on type of s0il on which the larvae live., An impermeable soil that

retains water on the surface is destructive because it favours high



e 3
I L TR

- humidity and blocks aeration of the soil. Deodhar (1965) cultured some

infective larvae of M. digitatus on dry sand and found that all of them

 were dead within 72 hours.

A 5011 with good runoff, plant cover and good management 18 quite
ideal to infective larvae since this typc of soil will have a micro-
climate which is favourabie for larval development. Furman (1944)

observed that the larvae of Q. circumcincta were rapidly killed during

summer on a non=irrigated pasture but those in irrigated pasture survived,
4

larval resistance to light and solar rays

L
BEH

Trichostrongyle larvae show moderate phototropism. Rogers (1940)
reported that larval migration was influcnced by light intensity. He
obscrved that the greatest larval movement was at 62 foot candles.
According to him, a large number of larvae were recovered from grass blades
and leaves very early in the morning. This view has been confirmed by
Soulsby (1968),

Direct sunlight is lethal 4o infective larvae due to the ultra
violet rays. According to Gupta (1961) far ultraviolet 1ight (2800°A

or less) would kill infective larvac of T. retortaeformis in less than
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one hour. Parnell {19562) thought that thc rapid death of the larvae of

Trichostrongylus spp., Ostertagl spp. and Chabertia spp. on pasture

during spring was due to cxposruc to sunlight., According te Deodhar

(1966 ) the rapid death observed in Mecistocirrus digitatus was due to

dehydration caused by solar rays, Das (1968) collected some tricho-
strongyle larvae intoe a jar and placed this jar under an electric bulb,
He concluded that due to negative phototropism to strong light, the

larvae guickly withdrew to the bottom of the jar.

Longevity and infectivity of Infective lazvee on pasture

It is 8 well known fact that although infective larvae may
survive on pasture for any given period of time, they do not remain
infective to the host throughout that period. Between longevity and
infectivity of these larvae, however, there is a correlation. Many
researchers have studied 1longevity by single grass sampling while
infectivity has been studied by the use of tracer lambs,

Sarles (1943) stated that the winter was too cold and the spring
was too dry for the larvae of O. columbianum to survive. It was

concluded that infection must have been passed on from year to year by



the persistence of the adults in the host. Dinaburg (1944) investigated
the longevity of H. contortus during 4 scasons of the year by spreading
infective larvae on plots and later on made larval recoveries, He was
able to recover just about 1% of the larvac he deposited after 2 months
during spring, 1% after 2 to 4 wecks during summer, 1% after 6 to 9 weeks
in autumn and 1% after 4 to 6 weeks in winter. After 14 weeks in spring,
; weeks in summer, 45 weeks in autumn and 12 weeks in winter, no more
larvae were recovered. Hawkins, et al., (1944) were of the opinion that
under the conditions existent in the state of Michigan, H. contortus
larvae c¢ould survive for up to 2 months on pasture during late summer
and fall while those of O. columbianum would survive for 34 months.

Those of O. circumcincta, T. colubriformis and Nematodirus spp. were

still recovered on pasture after 43 months.

Working in the northern part of the United States of America,
Seghetti (1948) found that range lambs acquired infection especially
during May and June, a period with the heaviest rainfall. From the
middle of July, thc range was frece from the infective larvae of

H. contortus and Trichostrongylus spp. due to inadequate moisture.

DMnnik and Dinnik (1955) found that the infective larvae of

H. contortus did not survive for more than 10 days during the dry season



2

[ R S

in the highlands of Kenya., Further studies (Dinnik and Dinnik 1960)
| indicated that during the rainy season in Kenya, up to 10% of the
infective larvae of H. contortus could be recovered after 30 to 65 days
of exposure, but during the dry season which is also usually hot, no
larvae would survive for more than 5 days. All the larvae depositad
" on pasture at the beginning of the cold season survived till the end.
This was confirmed by Allonby and Urquhart (1975),

In the Soviet Union, it has been observed that the infective
‘1arvae of 0. ostertagi develop from April to September but when
incorporated in faecal pellets and pads, could remain alive for a whole
. year (Bessonov, 1858), In Czechoslovakia, during the period of
September to May i.e. autumn, winter and spring, temperature is below
30°C. It has been observed at this period (Erhardova, 1962) that the
larvae of Ostertagia spp. and Nematodirus spp. could survive very well
on pasture. Cooperia spp. also was found to have survived the winter
in small quantity but the hookworm Bunostomum Spp. did not. Larvae of

T. colubriformis put on plots in late autumn, winter and early spring,

survived better than those put on plots during summer (Andersen, et ai.,
1970). These authors also fourd that larvae could survive even when

gragses were dried up.



The survival of infective larvae of trichostrongyles varies from
one place to the other and the longevity of the larvae varies from one
season of the year to another,

Under Nlgefian conditions, Sprent (1946) and Lee et al., (1960)
failed to recover Infective larvae of trichostrongyles during the dry
season months at Vom, Pabiyi (1968) studied the effects of physical
environmental factors on the helminths of goat in the Zaria area and Kuil
(1970) carried out similar studies on sheep. ‘'hey both found that the
condi tions of the dry season were not favourable Ffor the survival of
the infective forms of trichostrongyles and as a result, no infection
occured during this period, but during the months of May to September,
conditions on pasture were favourable for larval development. According
to Okon (1975) infective larvae of various trichostrongyles were

recovered from pasture in Ibadan during May to October,

Destiny of thc infective larvae

The infective larvae, if not acquired by a host within 2 certain
time, will be exhausted and die off, If they are picked up, however,

they start the second phase of their development called the parasitic phase.
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Entrance into the host nay be oral i.c. togother with fecd or water or

through the skxin as in the case of hookworms and Strongyloides spp.

On entering the host, thosc that normally 1live in the abomasum will
exsheath in the rumen while those that live in the intestine carry
out their exsheathment in thce abomasum, This proccss of exshcathment
is to throw off the cuticular covering which hed been inherited from
the free-living second stage larva. According to soulsby (1968), the
process of exsheathment embraces 2 phases: o |
a) A stimulus produccd by the host makes the infective 1arva.:'
to secrete an exsheathing f1luid. .
b) The secreted exsheathing fluid attacks the cuticular
covering and gets it dislodged.
In about 3 to 4 days after ingestion, the infective larva
moults to larva stagc 4 and in another one week, this reaches maturity,
(Veglia, 1915). During their coursc of development, the different larvae
spend scme time in the mucosa of the gut. According to Miculescu (1968),

the larvae of Trichostrongyius spp. keeps 4 to 5 days in the crypts of

the gut wall, After this pause, the larvae are transformed into stage 5

larvae and return into the lumen of the gut.
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Reproduction takes place in the gut of the host. Fertilized
eggs excreted by the femalc helminth pass out with faeces of the host

and the cycle starts all over again,

The peripaturient rise and the spring rise in trichostrongyle cgg

Eroduction

The peripaturient rise has been described in Nigeria by Pabiyi
(1973) and Van Geldorp and Schillhorn (1976).

It was first observed by Taylor (1935) who then conclﬁded that
the rise in trichostrongyle egpe counts during February and March in
housed ewes was due to the fact that adult worms in the gut increased
their egg production, due to the stress of 1ambing and lactation.
This samc view was held by Morgan and Sloan (1947), Cushnie and White
(1948), Spedding and Brown (195;). |

After detecting the periparturient risc in sheep in Nigeria,
Van Geldorp and Schillhorn (1975) suggested that the increase was
due to helmioths mainly Haemonchus spp. which had been inhibited
during the dry season and resumed their development at the beginning of

the rainy season.
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As to Spring rise, Soulsby (1957 ) thought that this was due to
a weakening of the immune status of the host since no infective larvae
were acquired in winter to keep on stinmulating immune response.
However, Morgan, et. al. (1951) in Scotland, attributed the
spring rise to newly acquired infections which caused . an increase
in worm load of the host and consequently an increase in egg production.
Fleld, et.al., (1960) reported that the spring rise was due to
the developing larvae which have been undergoing the histotrophic
phase and were maturing. The same view was held by Gibbs (1964 ).
According to O'sullivan and Donald (1970), spring rise was due to a
temporary depression of immunological capacity bDrought about by endocrine
changes associated with lactation, which could result in a resumption
of development of inhibited larvae, an increased rate of establishment

of newly ingested larvae and an increaged fecundity of female worms.

The inhibition phenomenon (Arrested development )

The occurrence of arrested development in animal parasitéc
nematodes has frequently becn recorded in the literature, although
the mechanisms involved in the phenomenon amnl the trigger leading to

subsequent maturation of the worms remain obscure,
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Infective larvae of H. contortus ingestcd by sheep normally
undergo development through a series of moults to become mature adults,

a process thot takes 14 to 15 days (Veglia, 1915), 1In some circumstances,
however, duch larvae may errest their development at an carly L4 stage
3 to 4 days after Ingestion (Blitz and Gibbs, 1971b),

In Nigeria, the epidemiologleal significance of the inhibition
phenomenon in sheep has been larpely overlooked, although recent
studies (Kuil 1970, Okon 1975, Van Geldorn and Schillhorn, 1976) have gone
some way to correcting this ommission. Hart (1964) found that the adult
worm burdens of Haemonchus spp., T. axei and O. radiztum were heavier at
the end of the dry season. Thesc increages were associated with rising
egg counts and were evidently due to aupgmentation of the existing
population when inhibited immature stages resumed development.

Van Geldorp and Schillhorn (1975) suggested that the similar
increase in egg production which they detected in sheep was due to
helminths, mainly Haemenchus spp. which had been inhibited during the
dry se¢ason and resumed their development at the bepinning of the rainy
s8eason,

Gordon (1952}, Martin, et al., (1957) and Yarnell (196;3) indicated

that nematodes which are inhibited in their parasitic development are
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capable at a later stage of resuming their development. Sommerville
(1953, 1954) recorded a varying proportion of inhibited histotropic
larvae that failed to develop for up to 3 months post infection.

Between December and March, Gitbs (1967) found that over 95%
of the H. contortus recovered from a small group of cwes were inhibited
at the early I.4 atage under the conditions existing in Canat?la and
similar regults were recorded by Blitz and Gibbs (1971a) in:a gtéup of
naturally infected ewes and lambs autopsied during winter,

Mot all the larvae acquired on pasture go into inhibition.
According to Michel (1969) only a small and relatively constant
proportion of those inpested is inhibited.

Rogers and Sommerville (1959) noted that in most cases,
developmént is arrested at a precisc point for a given species,
usually during lethagus, shortly before a moult, suggesting some
association between these 2 phenomena.

! The morphological characteristics of an inhibited larva was
described by Blitz and Gibbs (1971b). The larvae remained as they
were 3 to 4 days post Infection with no differentiation of the genital

primordium apparent. They also made mention of conspicuous crystals
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observable within the intestinal cells of the inhibited larvae.

Causes of inhibited development

What are the factors that influence or cause ingested larvae to
go into inhibition?

Gibson (1953), Roberts and Keith (1059), Dunsmore (1963) and
Michel (1971} suggested that adult helminths suppress the development of
concurrent immature infections which are only free to develop when the
adult parasites are expelled, This suggestion has been rejected by
Btitz and Gibbs (1972a) who cited instances in which large populations of
inhibited larva¢ have been found in the presence of many adult parasites.

Dﬁnsmore (1960) indicated that the inhibition of larval deveiop-
ment is more pronounced following heavy infections, Again, Blitz and
Gibbs (1972a) disproved this since the proportion of inhibited larvac of
H. contortus which they observed during the winter excecded 90%, irres~
pective of the total number of worms recovered, According to Madsen
(1962) and Michel (1868), inhibition is produced by an interraction
between the resistance of the host and the viability of the parasite.
Dunsmore (1965) and Gibbs (1967) linked the phenomenon to seasonal changes

in the physiology of the host and possibly of the parasites as well,



Working with Cbeliscoides cuniculi, Stockdale et zl., (1970)

demonstrated that after ageing the infective larvae under constant
conditions, up to 30% of the worms were inhibited as fourth stage.

Blitz and Gibbs (1971a} contended that the presence of populations
of inhibited gaatrowintestinal nematode larvae in sheep throughout the
winter was not due to an inhibitory action of the hoats immune systenm.
Soulsby (1966) posiulated that the spring risc was being facilitated
by the immune statuz of the host.

Apart from the belief that the age of the recipient can influence
the phenomenon, Connan (19753) believed that seasomal inhibition of
H. contortus in Esst Anglia is brought about primarily by envirommental

stimuli acting on the preparasitic stages,

Helminth species that go Into inhibition in sheep

Inhibited development has been recorded in Haemonchus contortus,

Ostertagia circumcincta and Trichostrongylus spp. infections in sheep.

In the first 2, inhibition occurs at the carly L4 stage (Sommerville,

1953, 1954; Blitz and Gibbs, 1971a,b) and in the third sdpecies, it occurs

at the L3 stage (Mlchel, 1952).
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Gibbs (1967), Connan (1968), Muller (1968), Blitz and Gibhs
(1972a) have confirmed that the parasitic stages of H. contortus over
winter as innibited fourth~stage larvae rather than as adult worms in
pregnant and nonepregnant sheep. In East Anglla, no evidence of inhibited
development of T, axei was found during the winter by Connan (1968), and by
Blitz and Gibbs (1972a) in Canada but Muller (1968) found that this

species was inhibited at the larval stage 5.

The induction of inhibited development

In 1965, Dineen, et al., demonstrated that after infecting lambs
with a daily dose of one hundred Iq3 of H. contortus for thirty days,
up to 35% of the ensuing infcection was inhibited at the L4 stage ;
compared to 2% in lambs infected only once with three’thousand 13,
suggesting that development was inhibited as the lambs acquired
resistance to the parasitecs, Blitz and Gibbs (1972a) reported that
inhibited development of carly L4 of H. contortus is induced in autumn

by the prevailing envirommental conditions, acting on the third stage

larvae on pasture,
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The duration of inhibited development

The maturation of inhibited larvac acquired in the autumn mav
be responsible for later outbreake of winter haemonchosis Gibbs, (1964);
Wilson and Samson (1970) and this may also make a significant contribuw-
tion to the rise in faecal egg counts of lactating ewes in the spring
Field, et al., (1960) Procter and Gibbs, (196;8).

Blitz and Gibbs (1972a) indicated that during the winter, the
condition of arrested development is maintained by a process analogous
to diapause development. In spring, development recommences spontaw
neously on completion of these processes,

They also demonstrated that inhibited larvae of H. contortus
are transitory since such forms may be recovered from housed sheep at
least 4 months after removal from pasture,

In contradiction to reports of Gibbs (1967), Connan (1968),
Muiler (1968), McKenna (1974b) observed that although inhibited 1arvae
of H. ¢ontortus are capable of persisting for a considerable period in
sheep, and eventually resuming their development, the bulk of them are

lost within 10 weeks of establishment without attaining sexual maturity.
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Termination of inhibited development

The factors which causc the resumption of development are complex
and are not necessarily a mere reversal of the causes of inhibition
(Madsen, 1962; Michel, 1968) and resumption of development is constantly
in small numbers (Michel, 1952; 1953).

Gibson (1953) observed that when adult Trichostrongylus spp. were

removed by anthelmintic treatment from aged horses which were prevented
- from reinfecting themselvesa, the faecal egg counts rose again after a
time and further crops of worms could be removed by subsequent anthel-
mintlic treatments., On each occasion, the dead worms could be demon-
strated in the faeces. He concluded that the removal of the adult worms
had stimulated the development of inhibited forms lying latent in the
mucosa.

Similariy, following the removal of adult worms by anthelmintic
treatment, Dunsmore (1963) recorded an increase in the number of adult
worms and a decrease in the number of inhibited forms of Ostertagia
species during the seven days following the treatment. He suggested
that the removal of adults had prompted the resumed development of

inhibited forms., Dunsmore (1965), Brunsdon (1966), Soulsby (1966) and
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Gibbs (1967), Blitz and Gibbs (1972b) tried fruitlessly to induce
maturation of inhibited iarvac in sheep during winter by administra-
tion of immunosuppressive drugs. Similarly Dunsmorc (1965) and Connan
(1968 ) stressed the importance of host endocrines in the maturation of
inhibited larvae but felt 2 direct hormone-parasite interaction was
unlikely.

According to Gibbs (1967) the maturation of inhibited larvae
might be directly stimulated by changes in the host hormones, associated
with the time of the year and the reproductive status of the sheep, and
the high level of prolactin present in lactating ewes was felt to be
of particular significance. He also observed that maturation of
Haemonchus spp. extends over 2 months starting from April.

It was obaerved by Michel (1963) that the early L, of Ostertagia
ostertagi did not accumulate in calves infected daily as long as the
adults were regularly removed by anthelmintic treatment. As soon as this
treatment was discontinued, and adult worms allowed to remain, inhibited
forms quickly accumulated., Michel (1971) removed adult worm population
of 0. ostertagia in calves and found that their removal stimulated the
resumed development of inhibited early LJ_
Evidence exist therefore, which suggest a connection between

presence of adult worms and the resumption of development.



A transplant of inhibited larvae into helminth-free susceptible
ewes was experimented by Blitz and Gibbs (1971b) during the winter but
the larvae did not mature until the time the spring rise regularly took
place. Both of them thought that the development of inhibited larvae
in spring might occur spontaneously after the completion of certain
physiological processes over the winter period, 2nalogous to diapause
development in dormant arthropeds.

Blitz and Gibbs (1972b) found that majority of H. contortus in
nﬁn-repéoductive aheep between December amd April Were inhibited larvae,
In May and June, they found all 3 phases of development i.e. adult,
developmental and inhibited larvae in equal proportions. They concluded

that maturation of inhibited larvae of H. contortus occurs spontaneously

in spring.

Anthelmintic efflicacy against inhibited larvac

Prichard (1973) indicated that the fumarate reductase system,
which functions in the respiratory chain of many helminths, appears to
be the site of action of broad spectrum anthelmintics especlially the
imidazole derivatives. This reductase system is sald to be a particu-

larly vulnerable point in the metabolism of nematodes, for chemotherapeutic
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interference. In addition, it has been reported (Saz and lLesure, 1968;
Putter, 1970; Corbett and Goose 1971) that the substituted phencls and
salicylanilide groups of anthelmintics cause their effects on heiminths
by inhibiting the oxidative phosphorylation which is coupled with the
fumarate reductase system. These factors may have accounted for the none
susceptibllity of inhibited nematodc tarvae to anthcimintic treatments
since these larvae are metabolically inactive. Inhibited larvae have been
described by many authors as belng metabolically inactive hence the term
hypobiosis (Gordon, 1970),

Reid et al., (1968) and Armour (1970) have indicated that inhibited
larvae of O, ostertagi in cattle are not affected by any anthelmintic.
This has been attributed to the physical inaccessibility of the larvae
deep in the abomasal mucosa, The mucus cell hyperplasia present in such
cases affords them added protection (Hotson 1967), There is the fact
also that in the inhibited state, the metabolic processes of such
larvae are virtually suspended and thus do not absord the anthelmintica
administered (Armour (1970).

Similar view has been held by Raynaud (1968) who found that the
anthelmintic sensitivity of early L, of Q. ostertagl in development is

higher than that of inhibited larvae.
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In sheep, varlable anthelmintic activity has been reported agninst
inhibited larvae of Ostertagia spp. amd Haemonchus Spp. using routine
dosage rates (Brunsdson, 1964; Procter and Gibbs, 1968; Herwedi jer, 1969;
Colglazier, Kates and Enzie, 1971la,b; Gordon, 1974; Armour Bairden and
Reid 1975), |

Gibson (1964) and Gordon (1964) tricd the effect of Thiabendazole®
at a dosage of 50 mg/kg. body weight and found this to be effective only
in reﬁov:lng adult H. contortus and not the inhibited larvae,

At the rccommended dosage Ievel of 66 mg/kg body weight, Lyons,
Drudge and Knapp (1967 ) found that Thiabendazole was 99% to 100%
effective against normally developing immature H. contortus.

The periparturient treatment of ewes with Thiabendazole at the
rate of 100 mg/kg body welght suppressed egg rise but failed to prevent
completely the faecal shedding of ncematode ova (Procter and Gibbs, 1968),
Colglazier, ¢t al. (1969) found that Levamisole** at a dosage level of
8 mg/kg body weight, was highly effective in removing inhibited larvae

of H. contortus. The same authors in 1969 and 1970 reported that

* 2 - (4 - thiazolyl) - benzimidazole

*  2.3,5,6 ~ tetra hydro-6-phenylimidazo (2,1=b) - thiazole



Thiabendazole administered at the same dose rate, was only 3% effective
against inhibited larvae of H. contortus resistant to either 50 mg/kg
Thiabendazole or 20 mg/kp Parbendazole***. Theodorides, Scott and
Laderman (1970) showed that a threefold increase in dose rate of Benzi-
midazole anthelmintics resulted in a worm reduction of 94% and 99%
respectively. The percentage of inhibited larvae removed was not indi-
cated. Colglazier, et al. (1971a) and Kates, et al. (1971) using shecp
with natural infections of H. contortus resistant to Parbendazole, found
that larval stages were ledgs susceptible than adults. The same authors
recorded increasing efficacy at higher dose rates, It was reported by
Connan (1973) that by increasing the minimum recommended dosage rate of
44 mg/kg Thiabendazole to 100 mg/kg. a high proportion of inhibited
larvae was successfully removed., Gordon (1974) tried the action of
disophenol (2,6-~dijodo~4-nitrophenol) and reportced that a single treatment
of sheep with this anthelmintic was followed by a prolonged period of
protection against the establishment of adult H, contortus but the drug
had no apparent effect on the inhibited early L4 larvae. According to

Mckenna (1974a) in New Zealand, treatment of lambs with 50 mg/kg body weight

of Thiabendazole was effective against adult H. contortus in proportion of

wik  Methyl Sebutylbenzimidazol-2- ylcarbamate



97.3% aﬁd uﬁ to 49.3% against inhibited larvae while Levimisole at
8 mg/kg was 99.3% to 100% effective against the adults and 99.6% against
 inhibited larvae.

By administering Thiabendazole at a dosage of 535 to fs mg /kg body
welght, a high efficacy was obtalned against adult and inhibited larvae

of Ostertagia spp. The mean efficiency being 100%, 99.8% and 81.8% in

November, January and March respectively (Armour et al., 1975).

Hematology in heiminthiasis

Blood components, either erythrocytes or leucocytes and serum and
its constituents have been examined countless times in many different
helminth infections (Symons 1969}, In most instances, any changes found
probably indicatc secondary responses to gastro-intestinal infection

“rather than the primary effect of the parasite on the host. Bxcluded from
this comment must be the anaemias of hookworm infection and hacmonchosis
of ruminants which appear primarily due to blood loss by ingestion by
the parasite, |

Normal blood values are always altercd to some extent by the

influence of parasitism (Schalm, 1965).
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Erythrocytes

Kates and Turner (1960) infected lambs with Trichostrongylus axed

and found that in the acute phase, there was a relative erythrocythemia
with hemoconcentration due to dehydration and in the chronic phase found
oligocythemia due to fallure of erythropoiesis, either toxic or dietetic
in origin. Christie, Drambell and Charleston (1964) observed that there
was a decline in haematocrit levels proportional to the adult H., contortus
population., Experimental infection with H, contortus in sheep was carried
out in Australia by Dineen et al. (1965). One group received three
thousand larvae only once wBile another group teceived daily dose of one
hundred larvae for 30 days. They found that after 2 months in the former
group the packed cell volume was about 17% while in the latter, packed
cell volume was about 20%, Horak and Clark (1964, 19635 examined the

blood changes in sheep with O, circumcincta and O. columbjianum and

observed that in the former infection, there was an initial rise in
packed c¢ell volume and haemogiobin concentration in 3 sheep due to plasma
volume shrinkage and to an increased absolute volumeé of erythrocytes.
Subsequently, however, there was a fall in PCV, and Hb. values in most

sheep, These and the changes in circulating plasma volume, the authors
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believed were dietetic in origin.

leucocytes

Many workers have examined the numbers of leucocytes in infections
of hosts by heiminths, but little functional conclusion can be drawn.
Sometimes, leucocytosis was recorded, sometimes a leucopenia and sonetimes
no change was found, Variations in the severity of the infection and the
timing of the examinations can expiain some of these differences. One of
the few more systematic experiments was that of Todd and Wyant (1951)
who looked at the leucocytes in subclinical infections of sheep with

Ostertagia spp. but used only 3 lambs, Two of these animals showed a

progressgive, but not constant, decrease in the number of white cells
per millilditer on initial infection., This decrease was arrested amd
restored at the time of the sexual maturity of the parasites, but was
later resumed. A severely affected lamb approached a neutrophilic
leucopenia following a second exposure to the parasites, the total
leucocytes and absolute lymphocytic and neutrophilic counts made

moderate progressive increases,
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Differential leucocyte

Bosinophilia is a phenomenon reported for a number of different
infections but which does not appear to occur regularly, or persist at
all stages of the disease, 1Its significance has not been established
(Symons, 1969) but infection~ of the full range of parasitic groups have
been involved., Gorshkov (1946) found an eosinophilia of 10.5 to 17% in
horses infected with H. megastoma. A profound eosinophilia was found
in man with trichostrongylosis (Wallace et al. 1956) and in guinea pigs

with experimental infections of A, lumbricoides in the migratory phase

(Belyaeva, 1966). This latter author examined the hone marrow and found a
concurrent eosinophilic reaction in that tissuc.
No eosinophilia was found by Stankiewicz (1964) in rabbits
infected with S. papillosis while an eosinophilia was found in some
cases only of sheep with oesophagostomiasis (Fourie, 1936) in sheep,
Leland et al. (1960) found that infection with T. axei of a horse strain
produced eosinophilia from 4 to 8 weeks which then dropped to normal limits.
There have been conflicting reports on the behaviour of lymphocytes
in parasitic immunity (Dineen, 1967), Stankiewicz (1964) found an

increase in the number of large lymphocytes and a decrease of small
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lymphocytes in rabbits infected with S. papillosus. A lymphocytosis of
up to 70% in horses with H. megastoma infection was reported by Gorshkov
(1946) and no change in lymphocytes was recorded by Bl Hindawy (1948) in
dogs infected with Toxascaris, Harness, Fitzsimmons and Sellwood (1970)
having infected 3 groups of calves with 50,000, 125,000 and 500,000
infective larvae of H. placei, found that in the calves with higher level
of infection, there was reduction in lymphocytes and neutrophils and

alse fluctuation in the mmber of monocytes but the number never exceeded
10% of total leukocyte count,

%

Plasma Proteins

There may be little or no detectable changes in total plasma
proteins when there has been a fall In albumin and a xise in gamma
globulin during several infections (Symons 1969). Mahrt et al., (1964)
recorded a fall in serum albumin and a concurrent increase in gamma
globulin in calves infected with O. ostertagi and a few Cooperia spp.,
but little change in total serum proteins. O. columbianum infection in
sheep decreased the total plasma protcins with a decreased albumin and

increased gamma globulin (Horak and Clark, 1966). Dobson {1965) found
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similar]changes and also obse¢rved that there was fall in alfa and beta
globulins and a rise in beta 2 globulin, He reported that the serum
albumin toss was as high as 1 pm% and was related to the dehydration
caused by loss of water in the faeces. Fitzsimmons (1966) reported that

T. colubriformis infection resulted in decrcased serum proteins of the

goat. Apart from the possible loss of albumin into the lumen of the intes-
tine and its complete reabsorption, Cernelius et al. (1962) found that
cattle with heavy infections of trichostrongylids had reduced synthesis

of albumin, and that catabolism of this protein was increased in the termi-
nal stages of infection. Leland et al. (1958) who found that total serum
proteins were reduced in lambs with mixed trichostrongylid infections,
auggested that liver function, and hence synthesis of plasma proteins,

might be altered by malnutrition or by toxins from the parasites,

Anaemia

A functionally important aspect of haematological changes in helminth
infection is the occurrence of anaemiam. Fourie (1931) believed that the
anaemia associated with Haemonchus spp. infection was due to haemorrhage.

He found an early polycythemia followed by a failure of erythropoiesis and

4

1
|
1
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o compensatory myeloid hyperplasia when the bone marrow became exhausted,
Delaune and Mayhew (1943) made a detailed haematological examination
of cattle with haemonchosis and found that the erythrocytes began to
decrease from days 5 to 7 after infection and that the haemoglobin
concentration followed the same trend. This occurred during the prepatent
period of the infection, after which the total erythrocyte and leukocyte
counts as well as haemoglobin concentration rose townrds and may exceed
the normal levels. Lucker and Neumayer (1946) described the disease in

lambs infected with B. trigonoccphalum. In heavily infected lambs, they

found occult blood in faeces and a normocytic, hypochromic anaemia with a
depresscd rate of growth. Romijin (1949) found that in strongyle infec-
tion, some horses had a distinct anaemiaz of the normocytic and normo-
chromic type while a larger number shewed morpholopgical changes of the
erythrocytes, cspecially microcvtosis and spherocytosis.

Whitlock (1950) stated that H. contortus is the only parasite that
can cause primary disease in sheep mainly by the extraction of blood and
according to him, in order to draw meaningful conclusions from haemato=-
logical examinations, it is important to ensure that technological factors
are carefully controlled as well as to record as far as possible all
details of heredity, diet, parasites, growth and metabolism. Gibson

(1954a,b) found that lambs infected with T. axei on a low plane of



nutrition were anaemic while those on a high plane were not. He also
stressed that this anaemia is unlikely to be caused by increased

erythrocyte destruction but rather by haematopoletic disturhance initiated
by nutritional deficiencies, resulting from reduced feed by infected
animals coupled with excessive loss of metabolites into the gut via associe ’
ated abomasal lesions. Similar views werc held by Kates and Turner {1960),

It was sugggeted by Turner (1959) that the anaemia associated with
S. papillosus infections is duc to interference with the absorption of
substances necessary for red cell synthesis.

S5ilverman and Patterson (1960) found that there was no reésponse in
sheep to the L, 14 and I..5 histotrophic phases of larvae in either resistant
or suaceptible hosts until day 9 and that damage occured after day 10
when the young adults burrowed into the mucosa to suck bleod,
| Xiss (1961) conaidered that dogs with toxocariasis in which the
erythrocyte count was reduced, the haemoglobin concentration in immature
cells was 20 to 60% of normal, 'and anisocytosis and polychromasia were
present, were suffering from a secondary toxic hypochromic anaemia.

Clark ,Kiesel,and Goby (1962}, found that the anaemia in
haemonchosdis is principally caused by the blood sucking activities of
developing larvae and adults in the abomasum and cach H.contortus

causes an average blood loss of 0,049 ml per day, varying from 0.05



57

to 0.173 ml for individual sheep. A comparison of the blood and bone
marrow of lambs with haemonchosis and those repeatedly bled was made by
Charleston (1964)., He reported a normochromic macrocytic anaemia in
both bled and parasitized sheep, but he presented evidence of inter-
ference with normoblastic maturation and haemoglobination in the latter
and so concluded that the anaemia caused by H.contortus differed from
that of phlebotomy.

Georgi and Whitlock (1965) developed formulae to calculate the
haemorrhagic stress and host response in sheep with haemonchosis and
the erythrocytic restitution using SgFu, and blood sampling and the
formulae could be used to calculate erythrocytic loss at a given time.

The anaemia associated with T.colubriformis infection may be

caused by a toxin excreted by the parasite which may depress erythro-
poiesis (Horak et.al., 1968), Bremner (1969, 1970) showed that intestinal
haemorrhage was the prime cause of anaemia in bovine oesophagostomiasis,
and that neither intravascular haemolysis nor inhibition of erythropo-
iesis was involved.

Harness, et.al. (1970) infected 3 groups of calves with H.placei
larvae at dosage levels of 50,000; 125,000 and 500,000. They found that
in all the groups, reductions in packed cell volume and haemoglobin
concentration were more marked in the calves with the higher levels

of infection. Significant changes in red blood cells and white blood
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cells ﬁccured oﬁly in.éalves infected with higher doses.

Misra and Ruprah (1972), found that with experimental Haemonchus
spp. infection 1n lambs, there was decrcase in the percentage of
haemoglobin, packed cell velume, erythrocytes and leukocytes. An
increase in the percentage of monocytes, neutrophils amd to a lesser
extent in eosinophils with a decrease in lymphocytes were also observed.
' On estimation of the mean corpuscular volume and mean corpuscular
haemoglobin concentration per cent of the 2 groups (infected and control)
it was observed that anaemia caused by H. contortus infection in lambs
was microcytic and hypochromic,

Pradhan andd Jxhnstone (1972) subjected a group of lambs to weekly
dose of 3,500 infective larvae of H. contortus and another group to a
daily dose of 500 larvae, After 8 weeks, they reduced the dosage levels
to 1,400 and 200 tarvac respectively. With the daily infection, a
severe anaemia developed with 7% packed cell volume, 2% haemoglobin
concentration and l.o‘m/'mm3 red blood c¢ells at the 78th day. With the
weekly dose, the anaemia was lcss sgevere with equivalent figures of
10,12% packed cell volume, 4% haemoglobin concentration and 3.6 mﬁmus

red blood cells. This haematological picture according to them confirmed

the progressive development of severe anaemia which scems to be a critical
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factor in the failure of the sheep to develop any strong resistance.,
Pachalag, More and Chattopadhyay (1973) compared the blood values
of 3 breeds of sheep in India under condition of helminthiasis and
post drenching with Thiabendazole., They found that the percentage of
red blood cells increased after drenching. Haemoglobin concentration
improved and there was significant improvement in packed cell volume
values. Prior to drenching, all animals hsd neutrophilia with relative
tymphopenia,

Baker (1973) attributed the anzemia produced by T. colubriformis,

to the inhibition of iron uptake and its reduced storage and transport
regulting from changes in intestinal epithelial cells or loss of
plasma transferrin to the gut.

Allonby and Urquhart (1975) carricd out a study on merino sheep
suffering from haemonchosis in East Africa. They found that moderate
infections of a few hundred H. contortus persisted over a period of
_ several montha and these produced chronic anaemia, Mean PCV and Hb.
values dropped progressively with increase in adult worm burden from
33% to 25% and 11 gm/dl to 7 g/dl respectively. Dargie and Allonby
{1975) sugpgested that there are 3 gtages in the development of anaemia
in sheep suffering from haemonchosis. Stage 1 occurs in the first 3

weeks with progressive fall in PCV, negative or low egg count and normal
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serum iron level,

The second stage may not initially involve a reduction in PCY
but is accompanied by continuous abomasal haemorrhage caused by blood
sucking developing stages, accompanied by a mass stimulation of
erythropoiesis. The third stagec is characterized by dramatic reduction
in PCV and serum iron concentration showing exhaustion of the host's
aynthetic machinery due to deficiencies of iron amd possibly available
protein,

According to Holmes and Dargie (1975), heavy infection with
Haemonchus spp. produces acute blood loss with macrocytic hypochromic
anaemia, Intake of smaller number of larvae initially results in a
normocytle normochromic type which later develops into macrocytosis and
hypochromia. |

A series of infestigations on blood values of ruminants
suffering from helminthiasis uynder Nigerian conditions have been
carried out (Sprent, 1946, Fabiyi, 1968; Kuil, 1970 ctc). Sprent
i(1946) described B. phlebotomum infections of zebu cattle to produce
aplastic anaemia, According to Pabiyi (1968) a population of less than
250 adult Haemonchus spp. had no effect on the PCV and Hb concentration

of poats., With increased number of helminths however PCV and b values
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become lower,

Kuil (1970) who carried out studies in the Northern Guinea
Savanna of Migeria found that trichostrongyle infections in sheep were
always associated with depriciation in blood values of the animals and
that there was 2 positive correlation between the level of infection
and level of depreciation. The changes observed by him in infected
animals were decreased PCV, Hb values and decreased scrum proteins.

Oduye (1976 ) working with the Dwarf sheep of southern Mgeria,
found lower PCV, Hb and RBC in chronic nematodiasis., Similar findings
were made in Yankasa and Udah sheep in Zaria by Saror and Schillhorn
(1977).

At the University Farm in Ibadan, Anosa (1977} observed that
iamba 4 to 6% months showed signs of severe parasitism including a
normocytic normochromic anaemia characterized by low PCY, RBC and
depregaed Hb concentration. Anaemic lambs also showed marked
reticulocytosis, Dwes were only mildly parasitized with low faecal
egg counts and mild depression of red cell indices.

From all these analysis, it is quite evident that several
biocod changes do take place in animals during helminth infections and
the degree of change depends on the number and species of helminths

invelved,
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CHAPTER THREE

PASTURE INFECTIVITY IN THE NORTHERN GUINEA

SAVANNA ZCNE OF NIGERIA

INTRODUCTION

The climate of the northern Guinea savanna of Nigeria consists of
a 6-month dry season and a 6-month rainy season i.e. November to April
and May to October respectively. During the dry season, pastures dry
up and the relative humidity falls as low as 13% in the mornings.
Studies on the bionomics of trichostrongyles of sheep under these
climatic conditions have been scanty.

Work by Sprent (1946) indicated that in the Vom area of
northern Nigerin, the dry senson was not suitable for the survival of

the infective larvae of Bunostomum phlebotomum of cattle., Similarly,

Lee, Armour and Ross (1960) noted that the conditions of the dry season
in northern Nigeria were unsuitable for the survival of cattle tricho-
strongyle larvae on pasture.

In studies carried out in the Zaria area of northern Nigeria on

goats, PFabiyi (1968) and on sheep Xuil (1970), concluded that survival
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of trichostrongyle larvac was nil during the dry season and no infection
could take place on pasture during this period,

Since planning of effective control measures is based on knowledge
of the bionomics of larvae under local conditions, this experiment was
designed to study the degree of pasture infectivity in the northern

Guinea Savanna of Migeria throughout a period of one year,

MATERIALS AND METHODS

Papture?
! In April 1976, an unimproved pasturc of 2,5 hectares ;aa acquired
from the Ahmadu Bello University farm in Zaria. This was fenced with
barbed wire to prevent introduction of unwanted animals. A covered

shed of about 900 square feect was constructed inside the pasture to

serve as shelter for experimental snimals,

Pasture contamination:
In May of the same year, 64 naturally infected Yankasa ewes of
between 2 to 4 years of age were introduced to contaminate the pasture

which had been rendered helminth-free by the preceding dry season.



64

During the same weck, 75 helminth-free Yankasa lambs of between 2-to 4
months of age were put on the pasture to graze with the infected ewes,
The ewes and the lambs were later to be uwsed for the study on larval
inhibition {(chapter 4),

-
¢

Experimental lambs:

From the last week of June 1976, variable numbers of heilminth-free
tracer lambs were put on the contaminated pasture to graze for a period
of 4 weeks following which they were withdrawn and housed under helminthe
free conditions for 2 weeks before slaughter. The lambs were between
3 to 4 months old and werc purchased from the XKatsina emirate, Moat
of them were still breast-feeding at the time of purchase, They were
ascertained as helminth~free by the fact that they were born during the
dry scason and had not been exposed to any pasture infection since none
existed around them. Purthermore, examination of their faeces revealed
no helminth eggs and no helminths were recovered from 3 of them that
were killed to estimete worm burden. Each time the tracer lambs were
removed from pasture, another group of helminthefree tracer lambs was

introduced as replacement.
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During the wet season, all animals had access to green vepetation
with supnlement of cotton sced/groundnut cake or cottonseed/guinea corn
mixture. Commercial salt blocks and fresh water were provided ad 1ibitum.
During the dry season, they were fed hay and supplemented as above. A
scheme of addition to and removal of tracer lambs from pasture is

presented in table 3.

Laboratory analysis:

During the 4 weeks in which each group of lambs stayed on pasture
and the 2 weeks in isolation, weekly faecal examination for helminth
egg detection wns done using the modified McMaster technique (Whitlock,

19‘18 )o

Necropsy

After 2 wecks in isolation under helminth-free conditions, the
lambs were slrughtered, The gastro-intestinal tract was recovered,
The abomasum was opencd an? emptied into a graduated bucket. The

mucose was washed, The washinegs were added to the bucket and the volume
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Table 3

S Scheme of additionzs to and removal of tracer lambs

from pasture for pasture infectivity studies.

';[{;a{-.e No. added to No. removed from
pasture pasture
June 1976. .I - 7 -
July { | e | 5 | s
August -7 5 3
September 76 6 3
October . 176 2 6
November '76; o 2 2
December '76 2 2
January 77 | 2 2
February o 2 2
Mach 7 2 2
April | ‘ 77 2 2
May 77 2 2
June .I! 77 | - 2

Total ¢ 39 33

© M e



made un to 3 litewrs. After stirring thoroughly, 2 samples of 30 ml.

. were drawn, and fixed with 5 nl., of 5% formalin., The game procedure

was followed with the first 6 fcet of the small intestine, the remaining
part of the emall intestine and the large intestine, except that from
the wholc content of the large intestine which was made up to 3 liters,
only one sample of 150 ml., was taken.

The mucosza of the abomasum was scraped with an object.slide and
digested for 4 haurs in hydrochloric acld/pensin at 37°¢. The digest
was poured inte graduated bucket and the volume made up to 3 liters
with water, Prom this volume, samples of 30 ml, werc drawn and fixed

with 5 ml. of 5% formalin.

Il
-

!
¥orm recovery!

The samples of the stomach and intestines taken were sieved through
a 63 micrometer sieve, The contents of the sieve containing the worms
were washed into petri dish and stained with few drops of 5% iodine.
The worms werc counted and differentiated into thelr different genera

*
using the 100 and 300 magnificntion of a dissccting microscope ,

* Cycloptic stereoscopic microscnpne, Batelite Base model, America
Ontical Ingtrument, Buffalo, N.Y.
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Weather data:

Weather data for the aren in which the pasture was situated were
compiled from the records of the Meteorological section of the Institute
for Agricultural Research, Samaru. The monthly values are presented in

table 4 and the daily values are presented in Appendix I.

RESULTS

Mean worm counts of the tracer lambs are presented in figure 1 and
Table 5 while individual worm counts are presented in Appendix II,

Large numbers of trichostrongyle larvae were picked from pasture
from June to October, as indicated by the number of helminths recovered
from the animals. From November to January, the number of infective
larvae decreased such that by the end of January, no more larvae remained
infective on the pasture (fig.l). Pasture remained free of parasitic
nematode from the end of January until the end of May. Infectivity of
pasture resumed in June.

Large proportions of the H. contortus recovered in June and July
were adults and developmental stages (late fourth stage larvae and

fifth stage larvae) while from August to November, most of the larvae
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Table 4

Comparative mean values of the weather records for June 1976 to June 1977
Total Mean Mean Hean Mean Mean Mean
rainfall | max. min, [relative | ref, soil soil
Month (mm. ) Temp. | Temp. | humid. humid. Temp . Temp.
“c) °c) |at 10a.m.] at dp.m.l at 2 in-} at 1 ft.
(%) (%) e °c)
June 76 206.9 2¢6.5 | 19.5 75.3 62.7 26.6 26.3
Juily " 226,49 27.7 19.4 8l1.1 68,3 25.5 25,7
Mg, v 288.1 70 19,1 81.4 &7.7 24.8 25,3
Sept. 191.0 29.2 | 190.2 75.0 59,1 26,2 26,1
Oct. ™ 162,2 20.5 | 19.3 74.9 67.3 2%9.1 26,1
Hov, " ) 29.9 12,7 40.8 27.8 24,90 23.6
PBec., ™ ¢ 29.8 11.4 21.1 15.8 21,86 23.6
Jan, '77 0 29.4 12,7 20,0 20,0 22.1 22.1
Feb, " 0 30.6 | 14,0 13,5 10.0 23.1 23.2
Mar. o 37,3 | 18.9 15.8 11.7 26.6 25.5
Apr. " 0 36.8 14.4 26 .6 13.9 32.3 20.1
May " 78,3 34.3 21.3 21.3 57.9 3l.5 29.5
June " 102.0 30.7 | 20.3 74.2 38.8 28.2 27.2
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picked up went into inhibited development. From June to November, high

numbers of adult Trichostrongylus spp. were recovered from the animals,

Very few number of Trichostrongylus Spp. went into inhibited development.

Inhibited larvae are those which after 4 days of post infection still
remain with no apparent differentiation of the genital primordium and
also contain conspicuous rod~like crystals within their intestinal cells.

Worms recovered in order of frequency were T. colubriformis,

H. contortus, S. papillosus, O. columbianum, T. axei, Cooperia spp. and

i+ sudicotlis,
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Fig. I

Rainfall, Relative humidity and
soil temperature in relation to
pasture infectivity within a

12-month period in the northern

Guinea Savanna of MNigeria,
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Tatble 5

Mean worm counts of heilminth-free tracer lambs which were kept for one

month per group on pasture through 2 period of twelve months.
Period sheep Haemonchus Trichostrongylus Cooperia Impalaia Oesophagastumum Strongya
stayed on contortus 5pp - Spp . nudico= cOlumbianum loides
pasture Aduit  immature Adult immature 11lis (L4) papillosus

stages stages

July 76 2380 8240 7280 2360 0 0 26 . 180
August  '76 200 14825 5100 3150 25 25 150 125
September'76 360 2370 2540 780 0 0 60 10
October '76 470 17950 4960 2420 40 0 38 600
November 76 20 2900 2850 650 0 0 200 0
December '76 0 700 250 100 0 0 0 4]
January 77 0 0 0 0 0 0 0 0
Februacy '77 0 0 0 0 0 D 0 0
March 77 0 0 0 0 0 0 ) 0
April *77 o 0 0 ¢ 0 o 0 0
May 77 0 _0 0 0 0 o 0 0
June *77 000 1600 2050 750 0 0 0 200
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that the number of adult helminths in the host declined at the end of the
rainy season and onwards into the dry season. At the end of the dry season,
just before the rains start, there is an increase in the numbers of adult

Haemonchus spp., Irichostrongylus spp., Cooperia spp., and Oesophagostomum

spp. in ruminants. 'The subsequent rise in faecal egg counts has been
demonstrated by Fabiyi (1973) and Van Geldorp and Schilihorn (1976). Hart
(19;4) working with cattle, demonstrated that the increase in adult helminth
population at the end of the dry season was related to the resumed deve=-
lopment of larvae which were inhibited at the beginning of that season.
Inhibition is probably a major factor in the epidemiology of gastro=
intestinal helminthiasis in this country. The following trials were carried
out to prove the occurrence of inhibited development of trichostrongyles
under the conditions of the northern guinea savanna of Nigeria. The time

of its induction and termination and the species of helminths involved were

also investigated.

MATERIALS and METHODS

Pasture:

The pasture used in these trials and the method of getting the
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pasture contaminated were the same as described in chapter 3.

Bxperimental animals:

N Three groups of sheep were utilized, namely ewes, helminth-~frec lambs
that were introduced to pasture and grazed continuously for the duration
of this study (permanent lambs) and helminth-free tracer lambs which were
put on pasture in groups to graze for only 4 weeks and then withdrawn for
slaughter. Initially, the study started with the 64 ewes and 75 permanent
lambs which were put on pasture in May 1976 and the heiminth-free tracer
lambs were the same animals used in the trials on pasture infectivity
(chapter 3), At the ex] of every 4 weeks when the tracer lambs were
withdrawn from pasture, variable numbers of ewes and permanent lambs were
also withdrawn and a fresh group of tracer lambs put back on pasture.
A scheme of withdrawal of ewes, permanent lambs and tracer lambs from
pasture and addition of tracer lambs onto pasture is presented in table 6.
In certain cases, the numbers of tracer lambs withdrawn from pasture were
less than the numbers put on pasture. This was due to the fact that some of
theém died on pasture within that grazing period of 4 weeks.

By the end of December 1976, a total of 35 ewes and 33 permanent lambs

had been withdrawn from the pasture and evaluated for presence of inhibited



JR T TN T

Table 6

Scheme of withdrawals from and additions of

sheep to pasture for inhibition studies

79

Withdrawn
ﬁ Bwes Permanent Tracer worm=free tracer

1ambs lambs lambs added
June 1976 5 5 - 7
Juty ¢ " 5 5 5 5
August " 5 6 3 5
September " 6 5 3 6
October " 5 4 6. 2
November ™ 5 3 I.S 2
December " 4 3 2 2
January 1977 4 4 2 2
February " 4 3 "3 2
March » 4 4 2 2
April " 6 4 2 2
May 10 4 4 2 2
June " 4 4 2 -

Total . 61 56 33 39
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larvae, During the same period, 23 ewes and 38 permanent lambs died on
pasture mainly duc to helminthiasis. Thus at the end of December 1976,
there remained only 6 ewes and 4 permanent lambs on pasture,

In January 1977, 40 additional sheep were purchased from the
University farm and introduced on pasture. These comprised of 10 ewes and
30 1ambs. The sheep purchased from the University Farm had similar grazing
history as those on the experimental pasture, Thus at the beginning of
January 1677, there were 16 ewes and 34 permanent lambs on trial on pasture,
From January to the end of March 1977, 12 ¢wes and 11 permanent lambs
had again been withdrawn from pasture to evaluate the presence of inhibited
larvae, During this period, O permanent lambs died on pasture. An
additional 120 ewes were purchased at the end of March 1977 from the
Zaria area and introduced to the pasture. 10 of these ewes were added
to those 4 left from the previous btatch and used to complete the inhibition
study. The remaining 110 were later used for anthelmintic trials
(chapter V). BSetween fApril and June 1977, 14 ewes and 12 permanent lambs
were withdrawn from pasture. Two permanent lambs died on pasture during
the same period.

The management of the animals while on pasture, necropsy, worm recovery

and worm identification procedures were *he same as described in chapter 3.
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Inhibifed larval forms of helminths were identified by the presence in them
of rodlike crystals and the abscnce of genital primodium as originally
described by Blitz and Gibbs (1971b). |

A second experiment was conducted to caﬁpare the inhibition pattern
of sheep from Katsina and Zaria areas. For this study, two Yankasa lambs
7 months old were purchased from the University Farm in August 1976 and
housed under helminth-free conditions for 2 weeks after which they were
slaughtered and worm counts made using thc method previously described.

In a third trial carried out in October 1976, the purposc of which
was to determine whether larvae which have not been exposed to pasture
conditions could alse go into inhibition, two helminth-free lambs were
experimentally infected each with 17400 infective trichostrongylid larvae
containing 92% H. contortus larvae. The larvae were obtained from a
faeces/vermiculite culture which had been incubated for 7 days at 27°C.
The lamhs were slaughtered two weeks after infection. Necropsy, worm |
recovery, counts and identification of inhibited larvae were carried out as
previously described.

| As a control for this third trial, a non-infected lamb with the same
histﬁrv as the two above, was slaughtcred one day after necropsy of the

two and examined for the presence of worms,

y v
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Post mortem examinations werce performed on all the sheep which died
on pasture and worm counts made following the procedure already described.
During the study, a total of 78 sheep died on pasture. OQut of this number,
23 were ewes, 49 were permanent lambs and 6 were tracer lambs. Findings
at necropsy showed that 23 of the sheep (mostly lambs) died of acute
helminth infection, 25 of chronic helminth infection, 20 of a mixture of
helminth and heavy coccddial infection, 4 of heartwater infection and 6-
of bloat.

*
The accumulated data were analysed by computer .

RESULTS

The results of this study are summarized in Fig. 2-4 and Tables
7-10, Worm counts of individual sheep are presented in Appendix III,
Analysis of variance tables for the different developmental stages of

Haemonchus spp. and Trichostrongylus spp. in the 3 proups of sheep used are

presented in Appendix IV.

* Control Data Computer Cyber 72, Model 13, operating system numbers

1.1.0. 430B
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From August to March, the number of adult Haemonchus spp. decreased progre=-
ssively Vory few developmental stages were recovered while the number
of inhibited 1arvae increased. From April to July, the number of inhibited
L4 decreased while adults and developmental stages increased sharply. The
3 stages of development were recovered in high proportions during July and
August (Table 7).

The picture was however different for Trichostrongylus spp. From
June to June, adult forms were found in high numbers. Similarly, develop=-
mental stages were recovered throughout the year although in very low
numbers, The numbers of inhibited [3 were very low from April to June
and high from July to March (Table 8).

From January to May, tracer lambs did not pick up any infection

from pasture. Inhibited larvae were recorded for only Haemonchus Spp. and

Trichostrongylus spp. Othéer nematodes recovered from the sheep were

Strongyloides papillosus, Cooperia spp., Impalaia nudicollis, Gaigeria

pachyscelis, and Oesophagostomum columbianum but nome of them had the

inhibited larval form,
Haemonchus spp go into inhibition at the early larva four (qu) stage

while Trichostrongylus spp. get inhibited at larva three (L3) stage. The

number of inhibited Trichostrongylus spp larvae was very low compared with

that of Haemonchus spp.
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In the 3 groups of sheep used in this study i.e ewes, lambs which
grazed permanently and tracer lambs, there werc no significant differences
between the groups in the numbers of inhibited Hacmonchus spp (Ps0,5),

developmental Haemonchus spp. (P-0.2), inhibited Trichostrongylus Sppe

(P=05) and developmental Trichostrongylus spp (P:.05) but there were

highly significant differences in the¢ number of adult Haemonchus spp

(P.£,01) and adult Trichostrongylus spp. (P¢,01), These are summarized

in appendix IV,

In the second trial (Table 9), more than 63% of the Haemonchus Spp.
recovered from the University Parm lambs were recovered as inhibited
larvae. The percentage adult of the same species of helminths in the
2 lambs during the period they were mecropsied was zero and 15.,3%, The
percentage of developmental stages during this period was between 21,2%
and 35.7%.

The number of inhibited Trichostrongylus spp. recovered from the

2 lambs was low (0.8 and 3.4%), but adult forms were recovered in high
numbers (93 and 96.7%).
Like in trial 1, inhibited larvae were only found in Haemonchus

spp. and Trichostrongylus spp. and at Elq and L_ stages respectively.

3
In the third trial (table 10), of the 2 lambs given 17,400 infective
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trichostrongylid larvae each, 2550 Hacmonchus spp and 600 Trichostrongylus

spp. were recovered from one of them., 96% of the 2550 Haemonchus spp. were

recovered as inhibited BL4 while none of the 600 Trichostrongylus spp. was

inhibited larva., Out of the 9600 Haemonchus spp. recovered from the second
iamb, 99% of this number were recovercd as inhibited larvae, Similarly, no

inhibited Trichostrongylus spp larvae were rccovered.
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Hgo 3:

Pattern of inhibited development

of trichostrongyle larvae in

lambs that grazed continuously
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Fig.
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Pattern of inhibited development of
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Table 7

Mean and standard deviation of Hacmonchus spp recovered from sheep
which were withdrawn from pasture at various times of the year and
housed for 2 weeks under worm-free conditions before slaughter.

bwes Permanent lambs Tracer lambsa
Time sheep Adult www 8 MHr Adult WMwwmm whr Adult memmm mwr
withdrawn
from pasture
June 1976 1204138.0  Ll5+ 20+ 11994 1101 52 - - -
576,2 21,0} 1545 #1535.0  453.0
July 1976 1113+ 1675+ 3124 2020+ 2450+ 580+ 2380+ 3600+ L4640+
1311.7 1532,0 }33.0 1303.2 337h.0 8440 1480.5 2611,0 3658
August 1976 {580+ 940+ 1120+ | 2760+ 2140+ L2204+ | 200+ 2625+ 122004+
38,2 581,0 2283.0 | 1585,0 27610 243L.0 | 182.6 2251,0  8760,0
September 1976|508+ 1050+ 3583+ 920+ 100+ 6570+ 360+ 280+ 2090+
8%8,0 189L.0 2987,0 | 1351,0 173.0 5298.0 | 568,0 2170 1025,0
October 1976 {120+ 804 59304 | 175+ 225+ 10225+ | 392+ 100+ 14858+
161, 3 130.0 2775.0 | 170.7 206,0  L092,0 { L29.L 167,0  6482,0
November 1976 {680+ 0 7540% | L2o+ 0 6860+ | 20+ : 0 . 2900+
875.8 _ . 3177.0 | 3110 - 2867.0 | 28,3 4240
December 1976 |25450.0 0 5275+ | 133.3+ 0 3633+ 0 o 700+
2578.0 | 230.9 2182,0 - 283.0
January 1977 |175£206.2 O 9h254 | 3754 . 25450.0 127504
e 39080 | 150,0 e 20 s o Lo 0



Table 7 (Continued)

Time sheep nwes Permanent lambs Tracer lambs

withdrawn Adult Dev, m&r Adult Dev. mvr Adult Dev. mbr

from pasture stages stages stages

February 1977} 50457.7 0 68L75+ 133.3 0 7233+ 0 0 0

3971.0 | 115.5 L1450,0

March 1977 100 0 5175 . | 275 50+ 61525 e 0 0
+1U1 42550,0| +205.4 100.0 +20443.0

LApril 1977 375 650 68 3+ mmoﬂ 1500 1175 0 0 0
£379.0 +602.5 5§71,0 3L1.6 +182.,6 4591,0

May 1977 825 850 10754 | 625+ 925+ 750+ 0 0 0
+170.8 4208.0  129L.0 | 359.4 95.7 387.0

June 1977 1025 1725 250+ 1400+ 2300+ L50+ G00+ 1550+ 50+
#170,8 4309.6  129,0 | L5h.E 408,80  351,0 | 14150 49hs9 71,0
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90
Mean and standard deviation of Trichostrongylus spp. recovered from sheep which were
withdrawn from pasture at varicus times of the year and housed for 2 weeks under
worm—-free conditicns before slaughter,
Time sheep Ewes Permanent lambs Tracer lambs
withdrawn Adult Dev, Hu Adult Dev, L Adult Dev, L
from pagture stages stages 3 stages 3
June 1976 L5104+ L5+ 365+ 2489+ 6heb+ 1574
1131 51.2 141 2927 91.3 222 - - -
July 1976 9212+ 120+ 6004 28L0+ 3L0+ L20+ 7280+ 16204 74O+
1060k 136 178 1750 607 668 n215 635 1,98
lugust 1976 12080+ 200+ 960+ 10660+ 9L0+ 1580+ | 5100+ 1075+ 2075+
16595 141 750 18L5 1172 1865 1,838 1253 2485
September 1976 11433+ L83+ 1192+ 11450+ 80+ 2720+ 2540+ L60+ 260+
3841 530 1073 4395 109.5 377 273 422 217
October 1976 |1L4560+ 2L0+ 2920+ | 5850+ 0 975+ L1334+ 51646+ 1500+
5568 288 L1L9 L992 1468 631 119 1263
November 1976 [14520+ 400+ 1600+ 11260+ LOO+ 820+ 2850+ 0 650+
13035 515 2969 2839 212 712 195 212
December 1976 4OQQMM 0 1,00+ 4muwmﬂ mmm.mh 1200+ mmpﬂ 0 mquo.q
10553 566 | 1509 162 700 71
Jamuary 1977 [11175% 0 L25+ 7750+ 0 1425+ 0 0 0
10003 L03 1808 1144




Teble 8 {Continued)

Time sheep Bwes Permapent lambs Tracer lambs
withdrawn Adult Dev, ﬁw Adult Dev. Hm Adult bev, Hw
from pasture stages stages stages
February 1977} 14275+ o 275+ 135+ 133.3+ 833+ 0 0 a
11753 340 5603 231 551
March 1977 216004+ 50+ 30+ 25725+ 100+ 675+
15615 105 316 | 21332 200 359 C ¢ q
Lpril 1977 7900+ 2916+ 75+ LO50+ 6004 100+ 0 0 0
5391 390 117 2674 39 iy
May 1977 7050+ h50+ 125+ 19750+ TTht 100+ 0 0 0
1,900 129 189 7974 171 115
June 1977 10100+ 11754 100+ 7325+ 2600+ 225+ 20504 7004+ 504
9290 359 14 9200 920 263 77748 707 71
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Table 9

Differential worm counts of two lambs from the University Farm
isolated from pasture on August 24, 1976 and killed 14 days later

Haemonchus contortus Trichostrongylus Sopp.
Numbers Percentage Percentage Percentage Numbers Percentage Percentage Percentage
Fourd Adults Develop. Inhibited  Pound Adults Develop. inhibited
stages Early H& stages rw
5200 15.3 21,2 63.5 8700 93.2 3. 3.4

700 ¢ 35.7 64.3 6050 96.7 2.5 0,8




Table 10

Differential worm counts of lambs in trial 3, killed 14 days after

experimental infection with infective trichostrongylid larvae,

Hemonchus contortus , Trichostrongylus spp | Strongyloides papillosus

No. Numbers  FPercentage | Numbers  Percentage Number found
inoculated found inhibited found inhibited
early L, L,
1. 17400 2550 96 600 1) 500
2. 17400 G600 99 600 0 ¢

Control o o B o o o 367
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Discussion

In this study, under the conditions of the Northern Guinea savanna,

it is found that only the larvae of Haemonchus spp and Irichostrongylus

spp. are capable of undergoing inhibited development and at the early
fourth stage and third stage respectively. Inhibition in the third stage

has been described for Trichostrongylus retortaeformis in the rabbit

(Michel, 1952) and T. axei, T. vitrinus and T. colubriformis in sheep

in the Netheriands (Bysker, 1978). Muller (1968) described inhibited

L5 of Trichostrongylus spp from sheep while Reid and Armour (1972) and
Ayalew, Frechette, Malo and Beauregard (1973) described inhibition of

Trichostrongylus spp at early L, stage. It may be concluded then that

il
the stage of development at which Trichostrongylus spp go into inhibition

varies with the ecological zonc.

A large number of the Haemonchus spp larvae which were picked up
from pasture as from August went into inhibition instead of developing
normally. This is evidenced by the increase in number of inhibited
larvae and corresponding decrease in the numbers of adult and develop=-
mental stages obtained from August to March. by August, the rainy
season was getting to an end and the extremely unfavourable dry season

would soon set in. It is most probable that during this period, an
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enviranmental stimylus acted on the preparasitic stages of the helminths
and this stimulus programmed the larvae for inhibited development as
postulated by Connan (1975),

It was found that from April to July,.the number of inhibited
larvae decreased while adults and developmental stages increased in
number. April is the end of a G~-month long dry season, a period during
which conditions on pasture were too dry to permit larval development,
The increase in the number of adults and developmental stages of
Haemonchus spp from April therefore could only have resulted from an
augmentation of the existing number from inhibited larvae which were
now coming out of inhibition and undergoing their normal development.

It i8 noted that during this period, there was a decrease in the number
of inhibited larvae. This result confirms the observations of Hart (1964)
and Van Geldorp and Schillhorn (1976) that parasitic stages of some
trichostrongyles which have otherwise inhibited their development in

the host, resume their development at the beginning of the rainy season,
augmenting the existing adult population.

The tevel of inhibited development in Trichostrongylus spp. was

very low and adult forms were recovered in high numbers throughout the
year. As could be seen in the worm counts of the tracer lambs, no

infection was acquired on pasturc from January to May due to lack of
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molsture. The results cobtained here then confirm those of Xuil (1970)

that Trichostrongylus spp. are capable of surviving unfavourabie condi-

tions of the environment as adults in the host,

The level of inhibited development in the ewes which have grazed
for a number of years and have as such developed some immunc resistance
to trichostrongyles did not differ significantly from the level in the
lambs that were coming to pasture for the first season and as such had
not built up any immune resistance. This finding lends support to the
hypothesis of Blitz and Gibbs (1971a) that arrested devclopment of
Haemonchus spp. during winter and subsequent maturation in the spring
(the 2 periods are equivalents of the dry scason and the beginning of the
rainy season respectively under Nigerian conditions), are integral part
of the 1ife cycic of the helminth regulated by the helminth iteelf and
not by immune status.

The helminth population of the 2 lambs from the University Farm
(trial 2) showed no principal differences with the helminth populations
of the sheep from trial 1 which were isolated from pasture in August 1976,
Only Haemonchus spp and Trichostrongylus spp had inhibited larvae. The
high percentage of inhibited Haemonchus spp larvae with the corresponding

decrease in the number of adult forms indicate the entry of larvae into
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inhibition. The presence of 3 reasonably high percentage of developmental
stages (Late Lﬂ and early LS) indicated that despite the fact that many
of the larvae picked up on pasture went into inhibited development, many

stiil continued to develop normally in August. Also in trial 2, inhibited

I..3 of Trichostrongylus spp. were recovered in low numbers, whilc the
percentage of adult forms was high, Prom the foregoing facts, it is clear
that there is no difference in the pattern of inhibition in sheep from the
Sudan zone and the Guinea 3avanna zoneé of Migeria, Ciimatically, there

is not much difference in these 2 zones except for a fairly longer dry
season and shorter rainy seaeon in the former, In trial 3, a very high
level of inhibition of H. contortus occured in 2 young lambs infected
experimentally in October with infective larvae cultured in the laboratory
for 7 days at 27°C. Connan (1975) carried out similax experiment and
concluded that inhibition under this condition was brought about

primarily by environmental stimulus, The present resuylte can be

explained in the same way but the nature of the enviroamental stimulus
which is invoived in the 7 day period is not clear. Alternatively, some
factors in the donor or the recipient host may be reaponsible for the

high levels of inhibition seen in trdial 3, S5tiil another possibility is

that no environmental stimuli arc necessary. This would implicate an
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obligatory inhibition of H. contortug at the end of the rainy scason

independent from host and environmental factors,
CONCLUSIONS

Prom the results of this study, it 1s concluded that in the northern
part of Mlgeria (1) The phenomenon of larval inhibition of sheep
trichostrongyles does exist,

(2) Only the larvae of Hacmonchus spp and Trichostrongylus spp are capable

of undergoing inhibited development,

(3) Haemonchus spp get inhibited at the early fourth stage (Elh) while

Trichostrongylus species at third stage (L3).

(4) Going into inhibition is at its highest in August which is near to
the end of the rains. |

{5} The larvae come out of inhibition as from April which is the end of
the dry season.

(6) Haemonchus spp are more inhibiticn-prone than Trichostrongylus spp.

This is due to the fact that Trichostrongylus spp can very well

survive the period of envirommental adversity as adults in the host

but Haemonchus spp cannot.



(7)

(8)

©)

g8

There is no difference in the inhibition pattern of sheep from the
Sudan zone and the Northern Guinea savanna zone of Nigeria,

Infective larvae cultured in the laboratory go equally into inhibition
as larvae picked up from pasture., This weakens the argument in
favour of environmental stimuli on pasture as a major cause of
inhibited development.

Level of inhibition in immuned ewes did not differ significantly from
the level in non-immuned lambs. This also indicates that immunity

of the host i8 not a major determinant of inhibited development.
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CHAPTER FIVE
ANTHELMINTIC EFFICACY AGAINST INHIBITED LARVAE

INTRODUCTION

Larval forms of certain gastro-intestinal trichostrongyles arrest
thedr development in the hosts in order to survive the extcernal adverse
weather conditions,

In Nigeria, inhibited development of Hacmonchus spp. occurs mainly
in the dry season, 'The larvac resume their development just before the
onset of the rains. The result is that pastures arc heavily poliuted
early in the rains and massive Infestation of stock occurs,

Inhibited larvae of Haemonchus spp. are superficially embedded in
the abomasal mucosa and are metaboilcally inactive (Gordon, 1970). This
explains why all currently known anthelmintics at the conventional dosage
levels do not affect the inhibited larvae, Some drugs have, however,
been reported to have some cfficacy at increased dosages (Procter and Gibba,

1968; Colglazier, et al., 1969; Connan, 1873),
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Some of the currently used veterinary anthelmintics on Nigerian
market are Ihiabendazole(a), Ranide(h) and Loxon 2(C). Nemafax(d) is a ncw
addition and according to the manufacturers, it has a wide spectrum of
activity. Of all these drugs, Thiabendazole has been longest on Nigerian
market and investigations in overseas countries have confirmed its efficacy
at increased dosage levels against inhibited trichostrongyle larvae
(Connan, 1973; Mckenna, 1974a and Armour et al., 1975).

The purpose of this study was to test these drugs on sheep under

Nigerian conditions, determine their cfficacy and at what dosage levels

against the inhibited larvae of Haemonchus spp. and Trichostrongylus spp.

MATERIALS and METHODS

Two trials were carried out, Trial I wns carried out during the dry
season (April 1977 ) while trial II was carried out during the rainy season

(August 1977). The animals utilized in trial I consisted of 42 out of the

(a) 'Thiabendazole = (2-(4~thiazolyl)=benzimidazole), MSD

(b) Ranide = 3'~chloro=4'=(p=chlorophenoxy)=3,5 diiodo-salicylanilide MSD

(c) Loxon 2 = O,0=di(2-chloroethyl), O=(3=chloro,4=methyl, 7 coumarinyl)
phosphate, Cooper

{(d) Nemafax = (1,2-bis(3-ethoxycarbonyl=2~thioureido)-benzene). M&B
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110 Yankaaza ewes earmarked on pasture in March 1977 for drug trials as
described in chapter 4, The 42 ewes were divided into 6 experimental groups
and one control group. Each group consisted of 6 ewes. 3 groups of ewes
received Nemafax at dose rate of 50 mg/kg. body weight, 100 mg./kg body
weight and 200 mg./kg. body weight. 3 other groups received Thiabendazole
at the same¢ dose rates. The control group received no treatment (Table 11J,
- Both drugs were prepared as suspension and administered orally by drenching?
Management of the ewes was same as described in chapter 13,

Foliowing treatment, the animals were ilsolated under helminth-free
conditions for 2 weeks before slaughter. Faecal and blood samples of all
animals were evaluated 2 wecks before and after treatment. Faecal egg
counts were performed using the MacMaster technique (Whitlock, 1948),
while blood samples were evaluated for red cells and white cells, using an
electrondic counter+, Packed cell velume was determined using the
microhaematocrit centrifuge** and haemoglobin was determined by the

+
cyammethaemoglobin method ,

* Phillips automatic drencher, Model MK IXI, N,J
Phillips Ltd,, Sydney, Australia.

**  Microhaematocrit centrifuge. Hawksley, Bagland,

+ Coulter Blectronics, Inc, Hialeah, Florida, U.S5.A,

N
1
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Table 1L

Scheme of anthelmintic treatment of sheep in trial 1

using Nemafax and Thiabendazole

Drug 50 mg/kg 100 mg/kg 200 mg/kg Untreated
Nemaf ax 6 6 6 0
Thiabendazole 6 6 6 G

Controls 0 0 0 6
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Body weights were determined just prior to treatment and just
before slaughter. Following slaughter of the ewes, worm counts and
identification of adult and larval forms were performed as previocusly
described in chapter 3.

Inhibited trichostrongylid larvae were differentizted from
normally developing larval forms by the established criteria of
Blitz and Gibbs (1971bh). By the time trial IJ was carried out in
August 1977, only 50 out of the remaining 68 ewes were alive on
pasture, the rest having died of helminthiasis. Out of these 50
ewes, 3 were isolated under helminth-free conditions for 2 weeks
and then slaughtered to determine the presence of inhibited larvae.
After the presence of inhibited larvae has been proved in the 3 ewes,
46 of the remaining 47 ewes were then withdrawn from pasture and
housed under helminth-free conditions for 2 weeks. Management of the
ewes was as previously described in chapter 4, After 2 weeks of
isolation, the ewes were separated into 9 groups and drenched orally
with varying doses of Nemafax, Thiabcndazole, Ranide and Loxon 2
according to the scheme presented in table 12, The ewes were
slaughtered a week after drenching and examined for the presence of
worms and inhibited larvae as described for trial I. All laboratory

procedures were similar to those described for trial 1.



Scheme of anthelmintic treatment of sheep in trial 2

Table 12
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: 50 mg/kg 100 mg/kg 7.58  25.5 15.16 Slmg/kg Untreated
f mg/kg mg/kg mg/kg
Loxon 2 0 0 0 6 0 6 0
Ranide 0 O 6 H 6 0 0
Thiabendazole 4 4 0 0 0 0 Q
Nemafax 4 4 0 V) 0 0 0
Control 0 0 0 0 0 0 6
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RESULTS

Means and standard deviation of values obtained from trials I and II
are presented in Tables 13 to 18. Individual results are presented in
sppendix V,

v
¢

Body Weiﬂ}t

Changes in body weight are presented in Tables 13 and 16. All the
ewes loat some weight after treatment except the group that received
200 mg/kg. Nemafax in trial I which showed a slight gain in weight, The

loses were, however, not significant,

EEE counts

¥

All the ewes in trials I and II had high faccal egg counts before
treatment, Two wecks after treatment, cwes in trial I that received Nemafax
and Thiabendazole at 100 and 200 mg/kg. body weight passed out no nematode
eggs. There was a decline in egg output of ewes that received Nemafax and
Thiabendazole at 50 mg/kg body weight. The decrease was more pronounced

in the group that received Thiabendazole (Table 14),
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No nematode eggs were found in ewes inm trial II that reccived
Nemafax and Thiabendazole at 100 mg/kg body weight one week after treatment
(Table 17), There were marked decreases in faccal egg output of all nther
ewes that received anthelmintics at various dosage levels one week after

treatment (Table 173},

Worm Becovery

Ail the ewes fn trial I which received Nemafax and Thiabendazole at
7 100 and 200 mg/kg body weight had all their helminths eliminated at end
of 2 weeka post treatment. These included adult forms, developmental
stages and inhibited larvae (Table 15}, In cwes that received Nemafax at
50 mg/kg body weight, there was a significant reduction in the numbers
of immaturc atages of Haemonchus spp. and complete climination of adult
forms of the same species. At this dosage level, all developmental forms
and L, of Trichostrongylus Spp. were eliminated and asharp decrease in

3
adult forms was recorded, PFor the cwes in this trial which received

50 mg/kg body weight of Thiabendazolc, there was a significant reduction
in adult, developmental and inhibited larval stages of Haemonchus sSpp.

Like Nemafax, all I..3 and developmental stages of Trichostrongylus spp. were
eliminated and a significant decrease in adult forms observed.
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The ewes in trial II which reccived Nemafax and Thiabendazole at
100 mg/kg body weight had all the adult, developmental and inhibited larval
forms of helminths eliminated (Table 18), A significant reduction in the
3 stages of development was observed in ewes that received Nemafax and
Thiabendazole at 50 mg/kg body weight.

Loxon 2 at 25.5 mg/kg had no significant effect on inhibited larvae
of Haemonchus spp. but made significant reduction of the adult and
developmental stages of the same helminth, At same dosage, significant

reduction of adult and immature stages of Trichostrongylus spp. was observed.

At dosage level of 51 mg/kg, Loxon 2 reduced the numbers of Haemonchus spp.

and Trichostrongylus spp. at all stages of development. Similar results

were obtained from Ranide 7.58 mg/kg and 15.16 mg/kg.

Doth Nemafax and Thiabendazole at 100 mg/kg were highly effective
against inhibited larvae while Loxon 2 and Ranide at high dosages were only
capable of reducing the number of inhibited larvae but not completely

eliminating the infection.
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Mean and standard deviation of body weight per treatment group, before

and after treatment of sheep used in trial I,, April 1977,

Treatment group

Mean and standard deviation
of weight before treatment

(xg.)

Mean and standard
deviation of weight
2 weeks after treat-

ment (kg.)
Control 26.3 * 4.6 23.2 + 1,6
Nemafax 50 mg/kg 23.0 + 1.4 22.7 + 0.8
Thiabendazole 50 mg/kg. 22,2 + 1,8 22.2 + 1,7
Nemafax 100 mg/kg. 24,3 + 1.2 23.0 +1.8
Thiabendazole 100 mg/kg 25.0 + 0.9 24,3 + 1.2
Nemafax 200 mg/kg 23.3 + 1.9 24.8 *+ 1.5
Thiabendazole 200 mg/kg. 23.8 + 2.0

24,2 # 1.6




100

Table 14
Mean and standard deviation of helminth eggs per gram of faeces per treatment

group, before and after treatmeant of sheep used in trial I, April 1977,

' Mcan and standard deviation{ Mean and standard
Treatment group of Epg. before treatment deviation of Epg

: 2 weeks after

treatment

Control 2680 * 1639 3,473 * 2,045
Nemafax 50 mg/kg. 1630 + 808 1,022 + 1,969
Thiabendazole 50 mg/kg 2720 + 2239 1,207 + 1,594
Nemafax 100 mg/kg 4012 + 1543 0
Thiabendazole 100 mg/kg. 3213 + 659 0
Nemafax 200 mg/kg 3443 + 2534 0
Thiabendazole 200 mg/kge. 3822 + 2844 0




110

Table 15

Mean and standard deviation of worm counts per treatment group of

the sheep used in trial 1, Aprii 1977

Easccnchys spp. Irichostrongylus spp.
Treatment group Adult Develop. BL4 Adult Develop. L3
stagces stages
Control 3754379 616,7+564  683+571 | 790045391 201,74398 75417
Nemafax 50 mg/kg 0 4504432 41.7+80 | 1954400 0 0
Thiabendazole 50 mg/kg 283#343 5084631 834160 | 266.74653 0 0
Nemafax 100 mg/kg 0 0 0 0 0 0
Thiabendazole 100mg/kg O 0 0 0 0 0
Nemafax 200 mg/kg 0 0 0 0 0 0
Thiabendazole 200mg/kg O 0 0 0 0 0




Mean and standard deviation of body weight per treatment group

! before and after treatment of sheep in trial 2, August 1977

Table 1§

t
L

Treatment group

Mcan and standard
deviation of weight
before treatment

Mean and standard
deviation of weight
a week after treatment

111

Control

Nemafax 50 mg/kg
Thiabendazole 50 mg/kg
Loxon 2, 25.5 mg/kg
Ranide 7.58 mg/kg
Nemafax 100 mg/kg
Thizbendazole 100 mg/xg
Loxon 2, 51 mg/kg

Ranide 15,16 mg/kg

i
L]

19.6 * 3.0
19,8 * 1,3
18.0 * 2.6
17,7 + 2.3
16.8 * 2,6
22,3 % 4,7
18.0 * 2.6
20,2 * 2,9

16.6 *+ 3.4

18.5 + 3.0
19.6 *+ 1.5
17.3 + 2.2
17.0 + 1.9
16.5 + 2,5
19.5 + 1.3
17.3 + 2.2
19.5 * 2.7

16.2 * 3.1
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Mean and standard deviation of helminth eggs per gram of faeces,

per treatment group, before and after treatment of sheep in trial 2,

August 1677,

Treatment group

Mean and standard
deviation of Epg.
before treatment.

Mean and standard
deviation of Epg.
a week after treatment

Control

Nemafax 50 mg/kg
Thiabendazole 50 mg/kg
Loxon 2, 25.5 mg/kg
Ranide 7.58 mg/xg
Nemafax 100 mg/kg
Thiabendazole 100 mg/kg
Loxon 2, 51 mg/kg

Ranide 15.16 mg/kg

21316,7 *+ 46824
7044.0 *+ 5384,9
1707.0 * 536.9

8236.7 * 11723.3
24616.7 * 43561,0
6780.0 + 3863.6
6985.0 + 10163.0
3890.0 * 1572.8

14144.0 * 10582.8

41306.7 * 77981.4
12 +26.8
205 *+253,2
3923 + 3589.6
4046,7* 2528,0
0
0
1966.7 * 3070.0

1932 #1501.0
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Table 18

Mean and standard deviation of worm counts, per treatment

group of sheep in trial 2, August, 1977.

Haemonchus spp.

wanromnno:mmmcm SpPP e

Treatment group Adult Dev. EL Adult . L
stages 4 MﬂMmmm 3
Control 15164863.0  733#355,9  4683#1802.0 | 10583 400 -  566.7
48073,0  $236.0 +301.0
Nemafax 50 mg/kg 204447 2804249,0 1460+1434,6 40+89.4 320 80+130,4
+228.0
Thiabendazole 50 100+141,0 117.53102,7 2075#1445.0( 87.5#118.0 0 100
mg/kg 5141,0
Loxon 2, 25,5 mg/kg | 433+294,0  233+#242,0  4467+2049,0| 350#207.0 450  1332175.0
4283.0
Ranide 7.58 mg/kg 366.7 #250.0 25012428 2033+2033,0 | 46657 250+ 133+103.0
4216,0  #S51.6
Nemafax 100 mg/kg 0 0 C 0 0 ¢
Thiabendazole 100mg/kg o .0 0 0 0 0
. loxon 2, 51 mg/kg | 266.74265.8,0 133+136.6 3000*1516.6 | 266 166.7 2333250.0
$250.,0 #81.6
Ranide 15.16 mg/kg | 4002339.0 280+334.7 1740#1492.6| 360 180 160+181.6
#364.7  #130.0




114

DISCUSSION

Dy the time the first part of this trial was carried out in April,
pasture had been sterile for ailmost 4 months and as such, all that the
experimental animals contained at the time of treatment were adult and
inhibited larval stages of trichostrongyles, However, in the second part
of the trial which was in August, animals contained adults, developmental
stages and inhibited larvae because there was abundant moisture on pasture
which favoured l1arval development.

Making a valid comparative percentage efficacy of the drugs used in
both itrials may not be worth while since animals were not infected experi-
mentally with known amount of infective larvae but picked up their infection
randomly on pasture. Hence the worm load varied with individual animal,

The period between treatment and slaughter was rather short. The
changes in body weight during this period might not necessarily have been
due to the drug treatment since this change was observed in the untreated
controls too., Other factors like straem,isolation, special diet ete. could
have produced temporary changes in weight, Weight loss observed immediately
after trecatment may also have been continuous effect of the damage done
before the parasites were eliminated,

On the basis of comparative worm counts between treated and control

lambs and pre<and post-treatment egg counts, Thiabendazole and Nemafax were
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highlyleffective againSt all stages of development. Loxon 2 and Ranide were

not very c¢ffective. The manufacturers of Loxon 2 (Cooper) have recommended

that it shou’s be uscd monthly throughout the wet season. Apparently, the

efficacy of this drug is not to be based on a single application as in the

case of this trial. The same recommendatlons have been made for Ranide by

Merk, Sharp and Dohme and there is no existing record that relates the action

of these two drugs against inhibited larvae,

| Nemafax is a new drug on the Nigerian market and alsc its action

against inhibited larvae of trichostrongyles has not been previously recorded.
The development of early fourth larval stage at which H. contortus gets

inhibited and the larva three stage at which Trichostrongylus spp. gets

inhibited takes 3 to 4 days after infecction and sexual maturity is reached
in about 2 weeks (Veglia, 1915). All animals after being treated were
isolated under condition$ that precluded reinfection for 2 weeks in the
first trial and for 2 wecks before and one week after treatment in the
second trial. It is evident then that all early larva 4 of Haemonchus spp

or larva 3 of Trichostrongylus spp. found in the animals were inhibited larvac.

Further evidence that these larvae were inhibited was provided by the presence
within them of rod-like intestinal inclusions considered by Blitz and Gibbs
(1971b) to be characteristic of inhibited forms.

The results of these trials partly confirmed pre¥ious studies that
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Thiabendazole at 50 mg/kg (Gordon, 1964, Gibson, 1964) and at increased dosage
level (Connan 1973; Mckenna, 1974a; Armour et al, 1975) is highly effective
against adult and inhibited stages respectively of H. contortus. Colglazier
et al, (1969, 1970) reported that Thiabendazole at 50 mg/kg was effective
against inhibited larvae eliminating from 3% to 30% of infection, In contrast
to the strain of H, contortus vsed in these¢ trials, those used by the afore-
mentioned authors showed some resistance to Thiabendazole at the adult stage.,
It is uncertain whether the 1low efficacy of this drug against inhibited
larvae recorded by these asuthors were also reflections of this strain
resistance or were more specifically due to the inhibited nature of the
larvae,

The present results indicafe thet at 50 mg/kg Thiabendazole has conly
a relatively low efficacy against inhiblted larvae.
The poor action of all known anthelmintics against inhiblted larvae

of Ostertagis ostertagi has been attributed to their physical inaccessibility

deep within the abomasal mucosa, with the mucus cell hyperplasia present

in such cases affording them added protection (Hotson, 1967), or to the
fact that in the inhibited state the metabolic processes of such larvae are
virtually suspended and thus do not absorb the anthelmintic administered
(Armour, 1970), ‘This latter view is supported by the findings of Raynaud

{1968 ) who haa shown that the anthelmintic sensitivity of early fourth stage
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of O, ostertagi larvae in development is higher than that of inmhibited larvae,
While the metabolic activities of inhibited H. contortus larvae may be
similarly suspended, sych larvae are not assoclated with a histotropic phase
(Blitz and Gibbs, 1971a), a fact which may partially explain their greater
susceptibility to anthelmintic treatment. The high efficacy of Thiabendazole
and Nemafax at increased dosage levels against inhibited trichostrongyle
larvae suggests that these drugs may offer a feasible means of limiting
trichostrongyle infection during the rainy season thereby preventing losses

due to acute helminthiasis,
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CHAPTER SiX

BLOOD PICTURE OF SHEEP IN ACUTE AND CHRONIC HELMINTHIASIS

INTRODUCTION

Various pathogensg as well as changes in nutrition may alter the
normal blood picture. Parasitism is one of the major causes of lowered
blood values (Scalm, 1965) and, especially in small ruminants, helmin-
thiasis is often incriminated as a major parasitic problem affecting the
blood forming system. Some of the effects of heiminths on the blood values
are reviewed by Baker and Douglas (1966) and Symons (1969).

In an extensive work done in the Northern Guinea Savanna Zone of
Nigeria, Kull (1970) reported that in the Yankasa and Udah sheep, infes-
tation with helminths was associated with decreased blood parameters
especially PCV, Hb and serum proteins, the decrease being more pronounced
in heavy infestations. Such helminths according to him are Haemonchus spp.

Trichostrongylus spp., Strongyloides spp., Gaigeria spp, and Oesophagos tomum

spp. The purpose of this work was to investigate changes in haematological
values in sheep suffering from acute and chronic helminthiasis under natural

grazing conditions in the northern Guinea savanna of Nigeria.
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MATERJALS and METHODS

The sheep used to evaluate the blood picture in acute and chronic
helminthiasis were part of the animals used in the experiments described in
chapters 3 and 4 which grazed contaminated pasturc from June 1976 to June
1977. Ne animal on trial was treated with anthelmintics. Managesent of
the sheep was as described in chapter 3.

Blood samples were taken weekly from the jugular vein and mixed
with HDTA in tubes to prevent clotting. The values of red blood cells
(RBC) and white blood cells (WDC) were determined using the coulter counter.
The packed cell volume (PCY) was determined using the microhaematocrit
centeifuge and haemoglobin concentration (Hb) determined spectrophotow
metrically using the cyanmethaemoglobin method, All sheep which died on
pasture were nccropsied. Those that died within 2 months of their stay on
pasture with clinical signs of acute helminthiasis and which had no
significant pathological findings were presumed to have died of acute
helminthiasis, 23 sheep fell into this category. Sheep which were on
pasture for 138 weeks and over before they died and which had signs of
chronic helminthiasis with no significant pathological findings of other

etlology apart from those associated with helminthiasis were presumed to
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have died of chronic helminthiasis. 25 animals fell into this category.
20 out of the 23 sheep that died of acute helminthiasis were lambs which
were coming to the pasture for the first time and as such had not built up

any immunity.

RESULTS

Mean values of Epg, PCV, Hb and RDC of sheep which died on pasture
with either acute or chronic helminthiasis are presented in Flg, 5 and
Tables 19 -« 23, Values from individual sheep are presented in appendix VI.

Sheep with acute helminthiasis had a rapid increase in egg output from
week one to week seven. With the increase in helminth egg ocutput, there
occured rapid decline in the valucs of PCV, b and RBC, Initially there was
an increase in WBC, followed by a decline by week 4 and a rise during week
7. There were wide fluctuvations in WDOC but no discernable pattern was
observed, There was an initial increase in eosinophil numbers but these
dropped towards the end of the seventh week. A progressive increase in the
numbers of neutrophils and a fall in the numbers of lymphocytes were
observed while monocyte numbers were unstable., In the group with chronic
helminthiasis, helminth egg output was unsteady for a long time and was very

low for the first seven wecks. There was a slow and steady feall in PCV, Hb



121

and REC valdes. The values of WOC were quite unsteady with no apparent
change except in weeks § and 9 of observation when a decline in values

was recorded, The values of eosinophils alsc showed much fluctuation.
There was an initial decline and 2 subscquent rise in the values of neutro-

phils and lymphocytes while the values of monocytes were unstable.
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Mean and standard deviation of blood valucs of 23 sheep suffering from

acute Helminthiasdis

Week BPG PCV % b Total RBC Tota}l WBC
(gm/dl. ) (X10” /emm (X10” /cmm )
1. 77.2 * 37,12 | 27.9 £ 6.6 | 10.3 * 2.6 9.2 + 1.8 10.2 * 3.8
2. 276.9 +1072.5 | 28.2 + 7.0 | 10,2 *+ 2,8 8.7 + 1,8 11,3 # 3.9
3. 639.6 + 950.9 | 24.1 6.2 8.7 + 2.3 8.0 + 1.8 10.0 + 3.0
4, 1208.6 * 292.3 23.2 + 6.1 8.0 + 2.0 6.4 + 1.7 8.9 * 2.4
S 3395.9 + 2203.% 18.4 * 6.9 6.0 + 1.4 5.2 + 1.9 9.2 + 3.3
6. | 4345.8 * 1793.1 | 14.2 + 3.8 5.1 % 1,2 4.0 + 0,9 9.1 + 2,8
7. | 6410.6 * 3670.6 | 10.8 * 2.3 3.6 *+ 0.8 3.3 + 0.8 10.6 *2.9
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Table 20

Mean and standard deviation of absolute differential leukocyte values of

23 sheep with acute helminthiasis

Week

Total WBC

3 Eoginophils Neutrophils Lymphocytes Monoeytes
(X10™ /ewm )
1y 10.2 +# 3.8 | 118.7 * 116.6 4624.0 * 1356.5 | 5285,8 * 1328.9 Hwb..mhupwom
3. 10,0 * 3,0 [ 190.1 + 162.2 | 4583.0 # 1383.1 | 5025.8 * 1335.3| 134,3+ 91,5
5. 9.2 $3.3 | 225,4 + 243.8 | 4693.8 + 1531.3 | 4414.6 + 1480.3| 81.93100.3
7. 10.6 * 2.9 | 131,7 * 268.7 | 6365.3 * 1287,1 | 4499,7 * 1290.3

98.8+121.1
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Table 21

Mean and standard deviation of blood values of 25 sheep mnmmmnwam from chronic helminthiasis
Week EPG PCV % H Total RBC Total WBC
(gm/ats) QHO@\EHV Cﬂom /cmm )
1, 200 *+ 500.8 27 *+5.2 10.2 *+ 1.8 9.0 +1.3 12,6 + 3.7
2. 226.8 *+335.2 |29.1 * 4.2 10,3 *+ 1.7 9.3 +1.,7 11,8 + 3,1
< T 589.6 *902.,6 |27.8 * 4.1 9.8 +1.7 9.2 +1,2 12.4 + 3.4
Ge 279.2 * 315.6 |27.3 * 5.5 9.6 * 2.2 8.0 + 1,8 10,8 * 3.4
3. 407.2 * 423.5 |26.6 * 3.8 10,0 + 1.4 8.2 *+1.4 10,6 * 2.4
6. 437.1 * 750.1 126.3 * 4.2 9.8 *.1.5 8.3 + 1.2 11,2 + 2.6
T 539.2 * 462.1 |24.7 *+ 4.5 9,2 +1.9 8.1 + 1.6 11.8 + 2.7
8. 118  +801.2 |25.6 * 5.4 9.3 + 1,5 8.3 + 1.7 9.4 + 2.7
9. 2591.2 + 3375.3 | 24.4 + 5,2 8.9 * 2.4 7.8 +1.4 10,7 * 3.0
10. 1793  +873.0 |25.2 *+ 4.7 8.9 + 1.8 8.5 *+ 2.0 12,1 +3.3
11, 2006.4 + 1267.7 [24.9 *+ 5.3 7.7 * 3.3 8.0 + 2.0 11.7 + 3.1
12, 3783.7 + 3117.9 | 23,2 *+ 5,1 8.1 +1.6 7.3 + 1.5 11.8 + 3.0
13. 2698.7 * 2132.8 |22.6 * 4.1 8.0 + 1,7 o7 * 1.6 13,9 *+ 4.2
14, 4518.8 + 3014.0 |22,3 + 4.3 7.1 +1,6 £.6 + 1.3 12.4 +3.8
15, 4394.4 * 3403.7 | 20.8 *+ 4.1 6.8 + 1,5 6.2 * 0.5 11.4 * 2.5
16. 5043.6 * 4727.0 | 19.7 * 5.1 5.6 +1,5 5.3 +1.6 11,4 + 3.8
17. 3511.5 * 3620.7 | 20.6 + 4.3 6.5 *1,5 6.2 + 1.5 12,5 + 3.0
18. 6549.5 * 8518.0 |20.3 + 4.2 6.5 * 1.6 5.9 +1.5 12,5 + 3.3
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Mean and standard deviation of absolute differential leukocyte values of 25 sheep

Table 22

with chronic helminthiasis

Week Total WBC
AMHOm\waav Eosinophils Neutrophils Lymphocytes Monocytes

1. 12.6 * 3.7 718.2 + 594.7 5045.0 * 1654.4 6615 * 1541.0 221.8 *178.9
3. 12.4 *+ 3.4 560.7 #+ 426.1 4695.5 +1782.1 6346.7 * 1950.1 126.0 * 134.6
5. 10.6 * 2.6 mHQ.H.H 320.3 4607.1 + 1000.2 5511.5 +1108.7 110.7 + 119,2
7. |11.8 + 2.7 737.4 + 395.1 5115.6 * 898.5 5742.4 + 972.6 | 168.2 + 185.3
9. 10,7 *# 3.0 653.9 + 331.3 4379.1 + 757.9 5551.9 + 746.1 | i66.2 * 125.4
F 11.7 + 3.1 487.6 + 300.0 4876.6 *+ 1446.3 6478.8 + 1434.5 89.1 + 111.3
13. 13.9 *r 4.2 749.4 ¥ 532.1 61901.9 * 1472.4 6855 * 1355.4 217.3 + 163.0
15. 11.4 + 2.5 467.9 +378.7 5133.1 + 966.7 5631.9 + 1029.6 | 239.1 * 241.4
17. 12,5 +# 3.0 452.3 +392.2 6212.4 + 1784.3 5406.7 # 1259.3 | 174.2 * 266.9
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Table 23

Means and standard deviation of worms recovered from two groups of sheep with

acute and chropnic helminthiasis

Group HaemonchuS spp. Trichostrongylus Spp.
Adult Immature Adult Immature Strongyloides e *
Spp. Others
Acute 1945 + 905 1630 + 1849 | 4137 + 3657 941 + 1126 | 880 + 790 122 * 157

Chronic 213 + 231 8040 + 4811 | 12904+4480 624 * 1373 | 196 + 534 44 + 104

* Comprises of Oesophagostomum spp., Cooperia spp., and Impalaia nudicollis
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Weekly comparison of the two groups!

Week 1

Both groups had similar blood valuea except that the values of
eosinophila and monocytes were higher in the group with chronic helmind

thiasis (tables 20 and 22),

Week 2
There were no significant differences in the values of the bload

parameters between the two groups except for higher RBC and WBC values

in the group with chronlc heiminthiasis,

Week 3

Significant decreases were observed in PCV and Hb of sheep with
acute helminthiasis while no significant changes in th¢se parameters were
observed in the group with chronic helminthiasis.

Although total WBC of acute group did nct change significantly in.
week 3, 2 slight increase in eosinophil counts was recorded over the

previous week., HNo significant haematologic changes were observed in the
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group with chronic helminthiasis during week 3. It should be noted that
the changes in blood values in the acute group were accompanied by

progreasive increase in total egg output,

Week 4

Therc was continued decrease in PCVY, Hb and RDC values of sheep
with acute helminthiasis. A lcukopenia was also observed. By the end
of week 4, PCV, b axd REC values had decreased by about 20% from start
 of experiment., The decline in thesec parameters in sheep with chronic

helminthiasia continued to be more pradual.
Week 5

Helminth egg output in the group with acute disease had risen to
about 8 fold of the chronic group.

PCV, Bb., and REC had dropped significantly to about 60% of the
original values in the group with acutc infection while in the group
with chronic heiminthiasis, no significant changes occurcd in these
parameters,

The values of lymphocytes and monocytes had dropped significantly

in both groups. Eosinopils had made significant increase in the acute
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group but a significant decrease in the chronic group.

Week 6

Al

Heiminth egg output was low in the group with chronic helminthiasis
Whiie this was significantly higher (P£,05) in the group with acute
helminthiasis. PCV, Hb and RBC values had dropped to about 50% of
original values in the group with acute helminthiasis while there were

no sipgnificant changes in these values in the chronic group. In both
groups, no remarkable changes occured in WIC values.

In the group with acute infection, egg output exceeded 6000 per
gram of animal faeces while this was still around 500 per gram in the
group with chronic helminthiasis., Similarly in the group with acute
infection, values of PCV, Hb and RBC had dropped very low with no
significant changes in the WDC value, and there had been significant
increase in the value of neutrophils. At the 7th weeck of the chronic
infection, there was no significant drop (P*0.05) in the values of PCY,
Hb and RBC, WBC values were still near initial value, 'There were slight

increases in the cosinophil, neutrophil, lymphocyte and monocyte values

tom
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.over tﬁe previous week. As can be seen {(tables 21 and 22), the decline
in blood parameters of sheep with chronic helminthiasis was much more
gradual, The blood values declined as the egg output increased. Dy
week 18, the helminth egg output was more than 30 fold the initial
values of week 1 while the PCV had dropped by 26% of original values.
Hb values fell by 36% while RBC values dropped by 34%. No significant

changes in total leukocytes were cobscrved in the course of the study,

Haemonchus spp. and Trichostrongylus sSpp. were the principal worms
recovered from dead sheep. It is evident from table 23 that sheep which
died of acute helminthiasis had large numbers of Haemonchus spp. and

Trichostrongylus spp. both adults and immature. They also contained

strongyloides spp. in high numbers. Those that died of chronic helmine-

thiasis had fewer Haemonchus adults but large numbers of adult

Trichostrongylus spp. and inhibited larvae of Haemonchus spp.

DISCUSSION

At the beginning of the study, the ewes had very low egg counts
while the lambs were free of Worms. With the arrival of the rains,
favourable conditions for egg and larval development existed on the
pasture, There occured a build up of infective larvae and within a

short period, all the sheep on this contaminated pasture got infected
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with helminths.

Since uniform huabapdry practices were maintained on the pasture
during the experimental period, thc hacmatological changes observed
are credited to the effects of the helminth burden on the host., Most
of the sheep which developed acute helminthiasls were worm~free at the
time they were introduced on the pasture. These animals rapidly developed
anaemia which was related to the degree of helminth egg output, Similar
observations were made by Allonby (1973) in Fast Africa. He classified
acute haemanchosis as lasting from 1 to & weeks with anaemia and faecal
egg output of up to 100,000 epg.

In this study, animals classified as manifesting chronic heimine
thiasias were on pasture for up to 18 weeks before they died. 'The disease
was characterized by a gradual but progressive decrease in Hb and PCY
in association with increased mumbers of faecal egp output. Allonby
and Urquihart (1975) made similar findings in Merino sheep suffering
from chronic helminthiasis in East Africa. They found that in chronic
infection 1lasting several months, mean PCV and b values dropped progre=
ssively from 33% to 25% and 11 gm/dl, to 7 gm/dl. respectively,

A large number of adult Haemonchus spp was recovered from the
animals that suffered the acute infection, Clark et al (1962) estimated

that each adult Haemonchus spp. draws about 0,049 ml. of blood per day
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From the host. Given the degree of infection, it can be concluded that
the anaemia which developed in the sheep during this time was due to
blood 1loass from the sucking activities of these worms. Dargie and
Allonby (1975) described 3 stages in the development of anaemia in sheep
suffering from haemonchosis., Stage 1 is said to occur in the first 3
weeks with progressive fall in PCV, low egg count and normal serum iron
level caused by blood sucking developing stages and a latency in the
responge of host erythropoietic system. Stage 2 is accompanied by
continuous abomasal haemorrhage and mass stimulation of erythropoiesis
while stage 3 is characterized by dramatic reduction in PCV and serum
iron concentration showing exhaustion of the host 's synthetic machinery
due to deficiencies of iron and possibly avallable protein. Meost of
the sheep in the acute group were coming to pasture for the first time
in their 1ife because they were born during the previous Adry season
when no graas was avallable for pasturing. They had not been exposed

to helminth infection and ag such had not built up any immune response,
The ewes which had had experience with helminth infection were able to
mount some resistance and they developed a chronic infection. Similar
findings were made by Anosa (1977) who observed that lambs 4 to 63 months

old showed signs of severe parasitism and anaemia while ewes were only
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mildly parasitized with low faecal egg counts and a mild depression of
red cell indices. The presence of immune antibodies in sheep enables the
sheep to throw off their own worm burden and .to further prevent infection
by immobilizing the larvae in the gastric and intestinal mucosa (Hawkins
and Cole, 1945),

The sheep which died of chronic helminthinsis contailned a large

number of Trichostrongylus spp and a fewer number of adult Haemonchus spp.

Trichostrongylus Spp. are not renowned blood suckers like Haemonchus spp.

The pathogenesis of the anaemia in the chronic group may therefore be
explained by the facts that the few adult Haemonchus burden could still
suck a reasonable amount of blood from the hosts although not to the
extent we found in the acute group. According to Baker and Douglas

{1966 ), the anaemia associated with heavy Trichostrongylus spp. infection

is due to shortening of the life of crythrocytes, impared erythropoiesis
and reduction of the amino acid pocl. In their own finding, Horak ct al

(1968) indicated that anaemia in Trichostrongylus colubriformis infection

is caused by a toxin excreted by the heilminth which may depress erythro=

poiesis and Baker (1973) associated the anaemia in Trichostrongylus sapp.,

infection with inhibition of iron intake, its reduced storage and transport,
reagulting from changes in intestinal epitheldal cells or loss of plasma

transferrin to the gut. These reasons could as well explain the cause of
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the anaemia found in the group with chronic helminthiasis in this study

since a very largc mumber of adult Trichostrongylus spp. Wwas involved,

In both acute and chrondc cases, no significant changes in total
leukocyte counts were noted, the values fluctuating within normel 1imits
for sheep in this area. Fluctuztions were noted in the values of eosino-
phils, neutrophils amd! lymphocytes in both groups of sheep., Todd and
Wyant (1951) found in sheep infected with Ostertagia spp. that some showed
levkopaenia on indtial infection, This decrease was arrested and restored
near the time of sexual maturity of the parasites but was later resumed,
Following a second exposure of the animals to the parasites, the total
leukocytes and absoclute lymphocytic and neutrophilic counts made moderate
progresasive increases,

In the present study, the initlal eosinophilia observed in both
acute and chronic cases was probably due to the migrating activities of

. immature forms in the animals' tissucs,

3
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CHAPTER SEVEN

GENERAL DISCUSSION AND CONCLUSIONS

In most parts of the world, under natural conditions, free-living
stages of helminths show seascnal fluctuations induced by several environe
mental factors of which the most important are temperature and humidity.
A moderate temperature with a high humidity 1s quite favourable for egg
and larval development, Humidity of the micreo.climate does not only
depend on rainfall but on factors influencing the amount of moistuze
which remains in the soil, for example, sodl structure, shade, drainage
and vegetation type. Rainfall is necessary for the dissemination of
larval stages on pasture while herbage length can affect the availability
of these larvae. Most larvae are concentrated in the lower guarter
and hence, the short, overgrazed herbage will increase their availability
but this will also increase their cxposure to adverse weather factors
especially desicceation.

In this study, under the conditicns that exist in the northern
Guinea Savanna, the 6wmonth long dry season ended in April. 'The rains
atarted in May and by the first half of June, pasture turned green and

became infective with the availability of suitable conditions for larval
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development. The rains stopped by October and from November, pasture
infectivity started to decline until in January when the presence of
helminth larvae was nil on pasture due to very low humidity conditioned
by prolonged lack of rainfall. All grasses and shrubs on the unimproved
pasture had dried up. The alternation of the dry atmosphere with the
cold hamattan made it impossible for larvae to survive on an almost
grassless pasture.

Based on the results of investigations reported here, it is postue
lated that the phenomenon of larval inhibition makes a significant
contribution to contamination of pasture at the beginning of the rains.
Larvae ingested during the dry season when conditions are unsuitable
for the free=-living stages, inhibit their development and on becoming
adults contaminate the pasture.

Factors which have been incriminated as contributing to inhibition
include host immunity, (Blitz & Gibbs, 1971a), environmental stimuli
(Connan, 1975), and presence in the host of high number of adult worm
population (Dunsmore, 1963; Michel, 1971). Under the conditions of our
studies, host immunity did not appear to be a major cause since the
pattern of inhibition in unimmuned helminth-free lambs did not differ

significantly from that in the ewes which had been exposed to natural
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infection. The level of infestation of sheep with adult helminths did

not appear to be a very significant factor in the initiation of the inhibition

ﬁhenomenon since sheep used in this study had low numbers of adult

Haemonchus spp. during the months of the dry acason and still larval

inhibition did occur. Another suggestion, that larval inhibition is

brought about primarily by environmental stimuli acting on the preparasitic

stages, may have been the major cause of the phenomenon under the conditions

of this atudy especlally as there is seasonal involvement but the fact

that cultured larvae which had not been exposed to field conditions also

underwent inhibited development weakens this assumption., It had been

podtulated that inhibited larvae are triggered into normal development

by receipt of signals (Blitz and Gibbs, 1971a; Connan, 1975), and the

suggestions advanced include a hypothalamic-hypophysal stimulus and an

envirommental stimulus. The neture of the signals could not be elucidated

in this study, but the fact that inhibited larvae come out of inhibition

in April just before the rains start, implicates an environmental stimulus,
The phenomenon of larval inhibition in both Haemonchus spp. and

Trichostrongylus spp. is responsible for recontamination of pasturcs at

the beginning of the rainy season due to their zesumed development.

Clinical helminthiasis is most common at this time of the year in untreated
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flocks, In the present study, from June to December, 67 out of the 168
sheep that were put on pasture died mostly from helminthiasis and combi=-
netion of helminthiasis with coccidiosis. This mortality rate of almost
40% ia very high especially when very large herds arc involved, Young
lambs were particularly susceptible and most of this group that died
suffered from acute infection, The ewes werc initially able to put up
some resistance to infection but in several of them, the resistance soon
broke down either due to weak immunity or breaking down of the immune
resistance as a result of large number of helminth being acquired. This
agpect theréfore demands the establishment of satisfactory husbandry
method and a regime of helminth control by routine antheimintic drenching
in order to minimize caswalties due to helminthiasis,

It follows that if inhibited larvae could be destroyed in the
host by antheimintic treatment, the possibility of adult sheep carrying
inhiblted larvae contaminating the pasture after the dry season would be
eliminated.

The low metabolic rate of inhibited larvae and the fact that they
are not free-living in the hosat but embedded in the abomasal micosa make
them inaccessible to routine anthelmintics. Results of these anthelmintic

trials show that routine anthelmintic treatment of adult sheep early in
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the rainy season only destroys adult helminths and perhaps a few develop
mental stages but not inhibited forms. However, Thiabendazole and
Nemafax were found to be effective against inhibited larvae at high
dosage levels.

It is thus evident that given a closed herd and fenced pasture,
sheep grazing in such a pasture could be treated with either Thiabemdazole
or Nemafax at the end of the dry season at double the recommended dose and
would be free of inhibited larvae amd consequently could not contaminate
the pasture again in the following rainy season. It must be emphasized
that this recommendation is of practical application only in closed herds,
In non-closed herds, it is economically wasteful and may even lead to
drug resistance, particularly if imidazole derivatives are used,

ILoxon 2 and Ranide are not quite effective against inhibited larvae
even at 51 mg/kg and 15.16 mg/kg respectively.

Both acute and chronic heiminthiasis occur in Migerian sheep.

The tissue most adversely affected is the blood,

Under the conditions of our experiments, acute helminthiasia
occured ecarly in the rainy season in lambs and lasted from Grto 8 weeks,
It was assoclated with high faecal egg counts, large numbers of adult
helminth and anaemia. H. contortus was the predominant helminth in the

acute cases of helminthiasis,
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Chronic helminthiasis occured mostly in adult sheep and lasted up
to four months and longer. It was associated with decreased or fluctuating
faecal egg counts, anaemia and diarrhoea. Most of the helminths recovered

were Trichostrongylus spp. and inhibited Haemonchus spp.

The onset of anaemia in lambs with acute helminthiasis was rapid as
evidenced by rapid decline in circulating haemoglobin, erythrocytes and
haematocrit. It has been shown that the anaemia of acute helminthiasis arises
from rapid blood loss brought about by the blood sucking activities of
adult Haemonchus spp. as well as the stage 5 larvae (Clark et al., 1962),

The development of anaemia in sheep with chronic helminthiasis was
gradual in nature. The mechanism of anaemia of chronic helminthiasis
in this study could not be related to blood loss since the principal

helminths invelved (Trichostrongylus Spp.) are not known to be blood

suckers. It has been suggested that such anaemia arises from impared
erythropoiesis and a decrease in the amino acid pool (Baker and Douglas,
1966; Horak et al., 1968).

These differences in pathogenesis of anaemia in helminthiasis need
to be taken into account in the clinical Management of these dissimilar
conditions.

The results of these studies highlight the need to investigate
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further the phenomenon of larval inhibition as seen in the Northern

Guinea Savanna Zone. It is also apparent that with improved husbandary

and management practices, it should be possible to control and even eliminate
helminthiasis as a serious disease of small ruminants by judicious use of
efficable drugs. More rescarch is necded into drugs effective against

inhibited larval forms of helminths,
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Table 2q

Weather records for JUNE 1976

Days of Rain~ Max, Mine. Rel, Hum, Rel, Hum, Scil temperature OC at
the month fall Tgmp. Tgmp. 10 a.m,. i p.m. 2" 1ft. Lft
(wn) (C¢) (o) (%) (%)
1 - 29 21 77 61 28 27,2 27.8
2 3-7 _32 21 611 J—l!‘) 3.‘—) 2?-J-l 27-?
3. - 31 20 62 c8 27 27.1 27.17
L - 31 22 76 53 27 27.4 27.7
5 12.9 30 23 65 61 10 27.3 27.7T
6 - 30 18 69 61 27 26,1 27.7
7 - 3 19 63 56 26 26,4 27.6
8 3440 31 18 68 70 28 26,8 27.5
9 - 30 17 85 58 23 26,9 27.4
10 3145 26 20 81 88 26 26,1 27.5
11 149 26 18 87 85 25 25,0 27.4
12 - 29 19 85 6l 25 24,6 27.4
13 - 31 21 75 58 28 25,5 27.0
14 - 32 21 80 56 28 26,6 27,0
15 2L;.9 32 20 69 65 &8 2N 270
16 - 29 18 79 58 25 26,7 27.0
17 N 30 19 83 81 26 26,1 27.0
18 2,6 26 19 76 32 26 26,0 27.0
19 - 28 19 72 68 30 25,5 27.0
20 16,9 29 20 78 60 26 25.9 27.0
21 - 28 18 77 63 24 25,5 26.9
22 042 30 20 78 56 28 25,7 26,9
23 1445 31 20 73 56 27 26,3 26,9
2L - 28 17 yir 63 25 26,2 26,9
25 - 29 20 76 60 25 26,0 26,9
26 5.8 30 21 79 62 2T 26,2 26.9
27 3.0 30 20 79 60 28 26,4 26.7
28 - 29 19 75 56 26 26,6 26.9
29 L5,.6 29 20 84 62 25 26,5 26.8
30 ~ 29 18 80 70 24 26,0 27.0




Weather records for JULY 1976

Table 25
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Days of Rain- Max. Min. Rel. Hum. Rel. Hum Soil temperature OC at
the month fall Tgmp. Tgmp. 10 a.m. L pem. 2" 1t Lt
(o} ¢}y Co) ) (%)

1 26,6 29 21 71 67 26 26,1 27.0
2 - 29 19 73 65 26 26,0 26.8
3 29.9 30 21 79 €3 27 26,6 26,8
ks 17.5 26 17 83 83 27 26,4 26,9
e Trace 27 19 19 69 25 25,1 26,9
é - 26 18 88 71 2L, 25,9 26.9
8 171 28 19 79 6l 26 25,8 26,6
9 - 25 20 92 66 2, 25,7 26,7
10 - 26 20 89 T4 2 25.3 26,7
11 - 28 20 78 66 26 25,3 26,6
12 9.3 27 20 89 58 25 25,5 26,5
13 15.8 29 19 77 61 27  25.5 26,5
1 16,0 28 20 88 91 26 25,9 26,5
15 - 28 20 86 66 25  25.6  26.L
16 22,6 28 20 91 72 2, 25,9 26.4
17 - 27 17 77 68 2% 25,7 26,5
18 22.L, 28 20 77 65 25 25.6 26,5
20 - 28 20 8y 63 25 25,0 26,4
21 2,6 26 20 88 81 2, 25,4 26,3
22 3.5 28 20 81, 62 25 25,0 26,4
23 20,0 29 20 79 69 26 25,4 26,3
24 9,0 29 19 72 63 28 25,5 2643
25 7.3 29 18 77 6l 27 26,0 26,2
26 - 28 19 B3 3N 26 26,0 26,3
28 - 29 20 76 62 27 26,3 26,3
29 0.6 24 21 77 2] 29 23,3  26.
30 - 27 20 82 72 2 25,4 26,4
31 6.0 29 19 80 60 25 25,0 26
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Table 26

Weather records for AUGUST 1976

Days of Rain=- Max. Min, Rel, Fum. Rel, Hum. Soil temperature C at
the month  fall Tgmg. Tgm . 10 a,m, L puma 2" 1t Lft,
(m) o () (s

1 27.5 27 18 85 66 2L, 25.3 26.4
2 - 27 19 87 72 25 25.3 26.3
3 1.5 21 20 s 73 26 25,5 26,3
L 22.86 28 20 80 66 25 25,7 26,1
5 ¢ Trace 29 19 90 7 2h  28.L 26,1
6 - 26 20 88 T 2L, 2hL.9 26,1
Y Lt.5 29 19 76 &l 26 2h.9 26,1
8 - - 26 17 100 Th 21 24,0 26,0
9 18.2 26 18 80 80 2L, 2h.7  26.0
10 Trace 26 18 73 79 25 24,3 26,0
11 - 27 20 87 T4 2 24.8 25,9
12 - 25 19 89 7L 23 2L.9 25.8
13 - 29 20 76 s7 26 24,5 25.8
14 23,9 30 20 87 61 26 25,4 25,8
i5 ' 3.5 27 18 g6 69 23 25,3 25,8
16 18.2 27 19 87 72 2, 25,0 25,8
17 7.7 29 18 26 69 25  25.1 25,9
18 - 30 18 62 %) 25 25,2 25,8
19 Ly 26 20 77 71 27 25.9 25.9
20 2.3 28 20 77 67 26 25,4 25.9
21 Trace 29 20 78 67 26 25,6 25,9
22 - 31 20 75 52 27 25.8 25.8
23 - 28 20 77 &8 26 26,1 26,0
2l - 28 20 79 66 25 26,0 26,0
25 - 28 20 8L 66 25 26,0 26,1
26 Trace 31 20 88 g5 26 25,6 26,0
27 o 4.5 26 18 76 78 26 25,8 26,0
28 22,129 17 Th 60 25  2h.9 26,0
29 _ Trace 27 18 B2 67 24 25.0 26,0
30 - 28 20 76 67 25 25,3 26,0

31 ' - 28 19 76 €6 26 25,5 26,0
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Table 27

Weather records for SEPTEMBER 1976

Rain- Max, Min, Rel, Hum., Rel, Hum, Soil temperature °c at

Days of
the month fall mp,  Temp, 10 a.m, L pem. 2" 17t Lft.
(m) (o) (o) (&)

1 26,2 28 18 79 N 25 25.5 26,0
2 - 29 18 68 62 26 25,0 26.0
3 1.3 30 18 71 62 2T 25,7 25.9
L 9.1 29 20 17 63 26 25,9 26,0
5 - 28 19 79 66 26 25,7 26,0
6 18.6 27 20 19 76 25 25.9 26,0
7 Trace 26 18 78 73 25 25,3 26,0
8 0.8 29 20 75 60 26 25,3 26,1
9 - 28 21 82 69 26 25.9 26.0
10 25,0 30 20 81 59 26 26,0 26,0
11 - 29 19 79 66 2 25.9 26,0
12 - 31 18 59 L5 27 25.8 26,2
13 L3 30 19 72 L8 28 26.3 26.2
14 3.4 30 20 17 59 26 26,3 26.3
15 - 30 19 6L 55 27T 2644 26.3
16 - 32 21 73 53 28 26,7 26.3
17 - 30 20 70 61 27 27.0 26.4
18 1.6 31 19 73 51 27 26,8 26.L4
19 - 29 18 78 6L 26 26,6 26.5
20 16.2 29 20 79 60 27 26.5 26.5
21 3.2 28 19 76 61 26 26,5 26.5
22 42.5 30 19 Th 56 27 26,4 26,5
23 L7 29 18 80 56 25 26,0 26,5
2l 1.2 28 19 87 55 25 26.3 26.5
25 - 29 19 70 62 28 26,0 26,5
26 - 30 20 74 56 27 26,3 26,4
27 - 27 20 82 7 25 26.6 26,1
28 9.9 29 20 79 61 26 26,3 26,5
29 - 30 19 (e L6 26 26, 26.l
30 - 30 18 65 57 27  26.2 26,5




Weather records for OCTOBER 1976

Table 28
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Days of Rain~ Max, Min, [fhel, Hum. Rel. Hum, Soil temperature % at

the month  fall Temp. Tgm « 10 a.m. L g.m. 2" 1t hft,
(wm) (Tc) (C¢) ) (%

1 1.9 31 20 73 95 29 26,8 26,4
2 - - 27 19 82 5L 30 26,7 26,5
3 2.3 29 20 79 65 30 26.4 26.5
L - 30 18 66 59 31 26.5 26,5
S . 2,8 30 19 €9 S8 31 1.8 26,5
8 Trace 31 19 71 57 32 26,9 26,5
7 5.5 31 20 75 81 31 27.0 26,5
8 - 30 18 72 6l 30 26.5 26.5
9 0.9 31 19 &0 o6 30 26,5 26,5
10 Trace 30 20 57 79 30 26,8 26,8
11 - 27 19 83 68 27 26, 26.5
12 1.8 30 20 56 56 30 26,5 26,
13 2.6 31 20 67 63 31 26,9 26,5
1 - 30 19 67 55 30 26.5 2644
18 11.7 30 21 76 58 3 26,5 26,5
16 L,8 28 18 76 95 23 25.8 26,4
17 Trace 26 18 a8 67 26 25,5 26.5
18 - 29 19 70 68 29 25,4 26,5
19 10.5 30 19 73 99 27  25.7  26.5
20 N 29 20 75 60 30 25,7 26.4
21 1.5 25 19 100 79 26 25.0 26.3
22 - 30 19 72 61 30 25 26,2
23 7.0 30 20 75 65 30 25.9 26.1
2l Trace 28 19 9l é6 29 25,7 26.0
25 2,6 30 21 87 98 26 26,0 26,0
26 - 30 19 68 L7 30 26,0 26,0
27 - 30 20 13 60 30 26.L 2641
28 10.9 30 21 91 98 27T 26,6 26,0
29 - 30 18 60 6l 29 26,2 26.2
30 - 30 18 81 5 30 26,2 26,2
31 - 30 19 76 L7 29 26,2 26,3
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—— -

VWeather records for NOVEMBER 12[6

Days of Rain- Max,  Min. Rel., Hun. Rel. Hum. Soil temperature °C at

the month  fall Tgmp. Tgmp. 10 a.m, Ly pem. 2n  1ft, Lft.
(o) (T¢) (o) (%) (%)
1 - 30 18 60 L7 26 25,9 26.3
2 - 31 17 81 39 26 25,4 26,2
3 - 31 16 73 26 26 25,4 2641
L - 3 16 61 L8 27 25.4 26,2
5 - 30 18 67 53 26 25,44 26.2
6 - 28 18 5 61 26 25,5 26,1
8 - 31 18 T gin 27 25,2 26.3
9 - 30 1k 82 29 26 25,0 26,0
10 - 30 13 50 26 25 244 26,0
11 - 30 1 29 21 2 23.9 25.9
12 - 30 11 36 23 23 23.L  25.7
13 - 30 11 31 25 23  23.0 25.7
1l - 30 11 27 22 23 23,0 25.6
15 - 30 12 23 26 2, 23,0 25,5
16 - 30 11 20 23 23 22,8 25.4
17 - 30 10 26 30 2y 22,6 25,3
18 - 31 12 32 26 2y 22,8 25,2
19 - 32 13 37 22 24 23,2 25,0
20 - 32 14 43 35 26  23.2 24.9
21 - 32 10 L2 19 23 23.0 24.9
22 - B3 10 28 22 25 22,9  2L.9
23 - 31 o 17 12 2L, 22,8 24.9
2l - 32 o 24 13 2, 22,5 2.8
25 - ER 10 21 20 23 22,5 24.7
26 - 29 12 23 18 22  22.4 24,3
27 - 26 11 11 17 21 22.0 20,4
28 - 25 10 25 8 20 21.6 24.5
29 - 25 11 32 19 20  22.4 24,4
30 B 26 9 23 25 20 21.4  24.3




Table 30

Weather records for DECEMBER 1976

Rel, Fum, Rel, Hum. Soil temperature °c at

A

Days of Rain- Max, Min,
the month  fall Temp. Temp. 10 a.m. L p.m. 2n 15, hLft,
) o o @ %

1 - 25 9 24 26 20 20,9 24.3
2 - 26 10 18 24 20 20,8 24,1
3 - 29 10 22 10 21 20,9 24,0
TR - 30 10 23 22 22 21,2 23.9
5 - 31 11 26 18 22 21.6  23.8
6 - 3 9 16 15 22 21,7  23.8
T - 30 15 22 18 22 21.8 23.9
8 - 28 11 8 10 21 21,6  23.8
9 - 27 12 12 15 21 2.4 23.9
10 - 25 B 22 s 20 21,2 23.8
11 - 27 11 25 L 20 20,9 23.8
12 - 28 10 18 L 22 21,0 24.6
13 - 29 10 19 3 20 21,0 23.6
14 - 29 11 13 18 21 21.3  23.5
15 - 30 14 16 16 21 21.5 23.5
16 - 30 12 20 16 21 21,5 23,5
17 - 30 15 23 21 21 21.7 23.5
18 - 29 15 22 16 21 21,8  23.5%
19 - 30 11 18 11 21 21,5  23.5
20 - 30 g 17 16 21 214 23.5
21 - 31 g 21 17 21 21.4  23.5
22 - 32 10 25 23 22 21,7 28.5
23 - 31 12 31 10 22 21,8 23,8
24 - 32 12 23 19 23 21,7 23.5
25 - 33 11 20 22 22 21,8 23,5
26 - 32 11 27 23 23 22.2 23.%5
27 - 3, 13 36 19 2L 22,4 23.%
28 - 32 13 21 18 23 22,5 23,5
29 - 32 13 H 20 2L, 22,4 23.5
30 - 31 14 19 18 23  22.% 23,6
31 - 3 12 8 22 21 22,6 23,7




Table 31

Weather records for JANUARY 1977

Rel, Hum, Rel., Hum, Socil temperature °c at

172

Days of Rain=~ Max. Min,
the month fall Tgmp. Tgmp. 10 a.l. L pen, 2" 14 LIt.
(mn) (¢} (¢} (W (%)

1 -~ 30 11 L9 34 22 22,3 23.7
2 - 31 9 12 3l 21 22.0 23.7
3 - 30 11 16 35 22 22,8 23,2
L - 29 13 17 37 22 21.9 237
5 - 28 14 21 9 22  21.8 23.6
6 - 27 11 25 3 21 21.8  23.6
z. - 28 12 2h 26 21 21.3  23.6
3 .- - 27 14 23 2h 21 21.3 23,5
9 - 30 11 17 14 23 21.2 23,5
10 - 31 12 22 26 23 21.7 23,5
11 - 31 11 17 17 21 21.8 23,5
12 - 30 12 14 12 22  21.B 23,5
13 - 3 14 8 11 22  21.8 23,5
15 - 30 1 16 15 21 22.4 23,5
16 - 28 15 20 19 22 22,  23.6
17 - 28 11 19 17 22 22,1 23.5
18 - 29 12 W S 13 23 22,0 23,5
19 - 30 10 16 13 21 21.7 23.5
20 - 30 11 11 17 22 21,8 23.5
2% - 29 13 20 15 21 22.0 23.5
22 - 30 16 33 16 22 22,2 23.%
23 - 31 1 19 19 2, 22,2 23,5
2, - 33 ik 18 2 2L, 22,6 23.%
26 - 30 14 17 7 23 23.0 23.5
27 - 25 1Y 35 20 23  23.0 235
28 - 25 12 25 21 21 22.,L 23,6
29 - - 26 14 22 17 21 21,9 23.6
K ¢ - 29 1 23 23 22 22,2 23.6
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Table 32

Weather records for FEBRUARY 1977

Days of Rain- Max.  Min. Rel. Bum. Rel. Hum, Soil temperature 7C at

the month  fall Tgmp. Tgmp. 10 &, L puom. a0 1ft,  Lft,
{mm) (¢} (¢} (D %)

1 - .32 11 14 20 22 22,3  23.5
-2 - -3k 13 15 15 23 22,6 23.%
3 - 32 1h 11 9 23 23,0 23,4
Y 'R - 27 13 21 16 22 23,2 23,6
5 - 26 12 2 14 21 22,7 23,8
6 - 26 13 23 13 21 22,6 23,8
7 - 26 13 19 10 20 22,1 23.8
8 - 28 1 21 12 21 22,0 23,6
9 - 30 13 21 8 21 21.8  23.5
10 - 32 12 8 12 22 22.2 23.6
11 - 31 12 11 13 27 224 23.4
12 - 33 15 | 15 2, 22.8 23.5
13 - 3L th 9 9 - 25 23,3  23.6
% - 33 15 8 7 25 23,5 23,7
15 - 32 15 7 7 25  23.6 23,8
16 - 33 13 6 9 2k 23.7  23.9
17 - 32 15 8 7 2y 23,8 24,0
- »n 17 11 T 2y 24,0 24.0
19 - 31 15 10, 8 23 24,0 24,0
at - 29 15 9 8 23 23.5 24,2
22 - 31 15 8 6 23 23.L  2h.2
24 - 29 16 10 7 23 23,6 24,2
25 - 30 15 9 7 23 23.6 240
26 - 31 (I 12 11 2k 23.6 24,0
x18 - 32 15 9 9 24 23.5 2h.t
28 - 33 17 7 T 25 241 243




Table 33

Weathey records for MARCH 1977
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D OO=3 OAVLE" L0 N

Days of Max, Min, Rel, Hum. Rel, Hum. $Soil temperature °c at

the month Tgmp. Tgmp. 10 a.m, 2" 1ft Lft,
0+) I ) B Y
- 32 17 10 25 2Ly 24,3
- 31 18 16 26  2h.8  24.3
- 28 17 21 25 2L.9 244
- 25 16 19 25 246 24,5
- 25 17 10 23 24,0 2L.5
- 28 16 1 23 23.7 245
- k3 18 é 6 2 23.8  24.5
- 31 18 12 7 2L 2hL.1  2h4.5
- 32 18 9 8 25 2h.3 245
10 - 33 17 11 g 25 24,9  2k.5
1 - 32 17 12 9 25 24T 2h.5
12 - 32 18 11 T 25 24T 245
13 - 32 20 9 8 27 25,0 24,5
1L - 3 20 4 7 26 25,1 24,6
15 - 33 22 5 9 27  25.5  2L.7
16 - 33 22 1 8 el 26,1 24.8
17 - 30 19 15 13 26 25,7 2h.9
18 - 3 18 11 7 25 25,3 25.2
19 - 31 18 17 11 26 25,2 25,1
- 20 - 32 19 13 7 25 25,1 25,0
21 - 34 20 13 17 26 25,7 25,0
22 - 36 20 11 11 28 25,2 25,0
23 - 37 19 g 2 29 26,4 25,0
2l - 36 19 10 11 30 26.5 25,1
25 - 34 20 7 7 29 26,9 25,2

. 26 - 35 20 9 7 31 26,8 25,
27 ~ 35 19 10 7 30 26.8 25,4
28 - 36 18 10 30 27.0 25.6
23 - 35 19 49 3t 27.4 25,6
X - 3L 22 53 3t 28.0 25,7
3 Tr 32 2k 66 29 28,4 25,8
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Table i.l.t
Weather records for APRIL 1977

Days of Rain~ Max,  Min. Rel. Hwn. Rel, Hum. Soil temperature C at

the month  fall Temp.  Temp, 10 a,m. Ly peme 2" 1% Lit,
m) () o) o 59

1 - 35 20 25 19 30 27.5  25.9
2 - 35 21 L6 15 2, 27.3 26,0
3 - 34 22 15 13 30 27.L 26,0
L - 3L 20 15 13 30 27.5  26.1
é - 37 22 11 13 31 27.8  26.2
7 - 37 21 12 13 31 28,0 26.3
8 - 37 18 25 15 32 28,4 26,1
9 - 37 18 21 14 32 28.L  26.3
10 - 37 17 | 16 32 28.3 26.6
11 - 38 17 38 14 30 2B.4  26.5
12 - 39 16 33 1 33 28.8 26.6
13 - 38 19 56 12 33 29.0 26,7
14 - 37 19 16 Q 31 29.3 26,8
15 - 38 22 14 7 32 28,7 27.0
1€ - 37 21 11 7 3, 29,0 27.0
17 - 37 21 9 9 33 29,0 27.0
18 - 39 20 11 10 32 29.0 27.1
19 - 32 20 25 10 3L 29,4 27.2
20 - 39 21 29 10 33 29,8  27.3
21 ! - 39 22 L7 21 3 30,0 27.3
22 - 32 2} L6 19 35 30.4 0 27.4
2& - 32 26 i 2y 3B 3.2 27.2
| - 34 26 22 11 31 31,3 27.7
- 25 - 34 2y 19 2h 32 30.0 27,7
- 26 - 36 23 15 14 ¥ 3.0 27.8
27 - 37 21 10 11 33 29,9 27.8
28 - 36 22 L8 11 3 29.9  27.9
29 - 37 19 29 9 33 30,1 28,1
30 - 3 22 52 51 3 30.2  28.0
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Table 35
Weather records for MAY 1977

Days of Rain=- Max, Min, Rel, Hum. Rel. Hum. BSoil remperature °c at

the month  fall Tgmp. Tgmp. 10 a.m, % p.m. 2" 1ft Lit.
(mm) (¢} (¢} (%) (%)

1 10.7 35 19 52 87 3L, 30,6 28,0
2 - 35 20 61 32 29 29,3 28.4
3 - 37 22 ! 21 31 29,1 28,3
L - 37 21 50 25 32 29,3 28,2
5 Trace 34 21 59 Lh 33 30,0 28,3
6 5.2 36 22 50 32 33 30,2 28,3
7 - 36 22 L7 27 30 29.5 28.2
8 - 31 21 68 4s 29 29,2 28,2
9 10,2 3L 22 sh 135 32 29,0 28,3
10 - 36 20 63 3 29  2B.4  2B.3
11 - 33 22 o6 IN 28 28,2 28,2
13 2.2 35 23 £0 32 33 29.0 28.0
1 - 36 21 54 22 32 29.0 28,0
15 - 36 20 23 11 32 28,8 28,0
16 - 37 20 L3 20 33 28.8 28.1
L - 36 23 53 35 34 29.6 28,0
18 - 3 25 63 L 3y 30.4 28,1
1% 01 3L 24 53 45 3 30,9 2B.2
20 - 35 21 L9 39 32  30.0 28,2
21 - 35 22 51 36 35 30T 27.2
22 - 35 22 50 35 3k 31,2 28,3
23 2.8 13 22 62 42 34 3.2 28.6
2h 0.7 33 22 61, L3 31 30,6 2B.7
26 8.8 35 22 63 N b 30.6  28.7
2T - 29 14 81 66 28 30,2 28,8
28 : 2.3 34 20 78 L2 27 28.6 28,7
29 ; 2.3 33 20 79 L6 22 28,3 28.5
0 . 25.5 33 21 69 50 30 28,3 28,6
N B.1 32 17 75 57 30 28,1 28,6
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Table 36
Weather records for JUNE 1977
Days of Rain« Max. Min., Rel, Hum. Rel., Hume. So0il temperature °c at
the month fall Tgmp. 'I'gmp. 10 a.n. L pom. 2% ift., Lft.
@m) oy (o) (5

1 - 33 20 66 50 29 27,2 28,4

2 1.5 33 22 69 53 30 28.2 28,4

3 25,6 130 21 76 75 29 28,4 2B.3
L - 28 18 69 yin 27 27.0 26.2
5 2,0 3 20 n 58 27 26.5 28.0

6 24,9 33 22 69 54 30 27.3 28,1
7 - 31 18 89 61 25 27.3 27.9

8 - 31 22 77 89 29 27.2 27.8

g - 33 21 62 52 29 274 27.7
1 49 31 23 T2 9 29 27.8 27.6
12 3.5 3 19 70 50 28 27.3  27.7
13 10,9 30 18 82 61 27 27.3 27.8
14 - 28 i8 86 71 26 26  27.7
15 - I 21 78 60 26 26.3  27.7
16 - 32 21 69 59 29 26,6 27,5
17 7.2 3 22 73 58 28 27.3  27.4
18 8.8 30 18 87 - 29  27.2  27.5
19 - 30 18 87 €5 2L 26.6 27,5
20 - 29 20 81 71 25 263 27.4
21 - 3 21 76 63 27 26,4 27.3
22 - 3 23 67 57 30 26,9  27.2
23 3.4 30 22 67 59 71 27.4  27.2
2l S.7 30 20 77 58 29 27.2 27,2
25 - 3 17 78 L8 29 26,7 27.3
26 - 31 20 58 48 30 27,3 26.8
27 - 31 21 67 53 30 27.0  27.1

28 ; 1.0 29 22 68 58 3 27.6 27,2 .

29 ; - 28 20 B1 67 27  27.3 27.2
30 : 2.3 29 21 77 54 29 27.0 27.3
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APPENDIX II

Worm counts of individual helminth-free tracer
lambs grazed for four weeks on pasture in the

Northern Guinea Savanna Zone of MNigeria.
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Table
Worm counts of tracer lambs on pasture in July, 1976
Haemonchus spp Trichostrongylus spp

Animal Adult wn Hr Hu Adult Hm Hr bg Coope— |Impa- | Qesophe Strongy-

Noe. 3 < ria sppllaia agastoe | loides spp

2P |mum SDR

53 1600 2100 1100 0 | 5100 LOO 100 200 Q Q 0 400

536 3700 2700 5600 100 }14700 100 1400 140 0 0 20 100
1138 200 500 1100 0 LLOO 1700 200 1000 0 0 10 0
1336 3600 6000 5600 0| 5800 1100 300 300 0 0 0 100
1340 2800 6600 9800 o] 6400 2100 700 80O 0 0 100 300
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Table %

¥Worm counts of tracer lambs on pasture in August 1976,

Haemonchus s Trichostrongylus SDP
Anim A L Adult L
bswamu. dult o Hb H_m idu 5 Hﬁ
NO,
567 300 C 7200 0 | 8500 100 0 700 0 0 0 200
1136 100 1600 25100 0 9900 900 300 5800 Moo 100 200 0

1335 40O 5000 6300 0 | 2000 100 100 900 0 0 200 100
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Table 39

Worm counts of tracer lambs on pasture in September 1976.

Trichostrongylus spp

Haemonchus
Adult L e L

0 100

S00 0

1300 500

o
o O ©

Oesoph
agasto=-
mum spp
100

50

50

Strongyloi-
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Table

0

Worm counts of tracer lambs on pasture in October, 1976

Haemonchus spp

Trichostrongylus spp

Animal | 4dult hm ﬁr 3 Adult bm wr bm cmOﬂml Hmmww Qesoph~ | Strongyloi-
No. ris sppilais agasto- | des spp
SPp mum Spp
457 g 0 11300 0 } 4200 300 C 1000 0 0 20 0
1001 600 0 17000 O }3500 700 KOO 3300 0 o 200 100
2L76 1100 0 16600 O L4900 700 0 100 0 0 0 0
2432 500 200 25700 O |L4B00 €00 300 2500 200 0 50 0
2437 0 0 11500 © |Looo 100 o 30| o] o 0 0
2439 150 0 7050 0 | 3400 0 0 1800 0 0 20 2900
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Table L1

Worm counts of tracer lambs on pasture in Ncvermber, 1976

Haemornichug gpp

Trichosironylug app

Animal | Adult Hm Hr ﬁu Adult Hm Hr wu Coope= | Oesoph-| Btrongyloi-
Ko, ria sppi agosto-1 des spp
Zum Spp
2431 0 0 3200 O ] 3200 o 0 500 e oo 0
2442 40 0 2600 O© ] 2500 0 0 800 o] 0 0
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Table wm
Worm counts of tracer lambs on pasture in December, 1976
Haemonchus spp Trichostrongylus spp
Animal | Adult Hm Hr bw Adult Bm hr bw CLoope~ Qesoph- Strongyloi-
No,. ria spp 22051t 0- des spe
Zun Spp
231 0 0 500 0| 200 0 o} 0 0 g O
739 0 9] 900 Q] 300 0 o 200 O 0 0
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 Table rm

Worm countg of tracer lambs on pasture in January, 1977

Haemonchus spp

Trichogtronylus spp

Animal | Adult hm wr hw Adult Em Hr hu Coope~ |Ilmpa~ Qeaoph=- Strongyloie
No. ris spp {laia spplasosto- des spp
pum spp
280 ] 0 4] 0 0 0 0 0 0 0 0 0
281 0 0 0 0 0 0 4] 0 9] 0] 0 4]
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Worm counts of tracer

Table wb

lambs on

=
" 5

astur

e in WLL.UEN.H..@..- qm_‘w.w

Haemonchus Spp Irichostrongylus Spp
Animal | Adult L wr hu Adult L. ﬁr L,y | Coope~ | Impa- Oesoph- | Strongyloi-
No, - o - ria Spp | laia SPp pgosto- des spp
mum spp
282 0 0 0 0 0 0 0 0 0 0 0 0
28l 0 0 0 0 0 0 0 O 0] 0 0 0
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Worm counts

Table LD

of tracer lambs on pasture in March, 1977

Haemonchus spp Trichostrongylus spe
Animal | Adult ﬁm Hr Hm Adult bm wr bw Coope~ D 0c goph- Strongyloi~-
Ne. ria spp | laia spp |agosto~ | des spp
pun Spp
1066 0 0 0 0 0 0 0 0 0 0 0 0
1067 0 0 9 0 0 0 0 0 0 0 C 0




188
Table L6

Worm counts of tracer lambs on rasture in April, 1977

Haemonchus spp ‘richostrongylus spp
buwwmu. Adult Hm H.r H.u adult hm H_r bw MmeMl Impa- ommo,,mw.. .MﬁwoanHowl
Ko, ppllaia spp EZ0F L0~ ges spp
Juam spp
1285 0 0 0 0 0 0 0 0 0 0 0 0
1286 0 0 0 0 0 0 0 0 0 0 0 0
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Woerm counts of tracer lambs on pasture in May, W77

Table rm

Irichostrongylus spp

Hacmonchus spp
Animal Jadult ﬁm Hr bu Adult bm br Hm Cogpe— iTmpa-~ Gesonh- Strongyloi-
Ho. ria sppilaia Sppy zgosto- des spe
man Spp
35 0 0 Q Q Q O 0 4] 0 0 0 Q
36 0 0 0 0 0 0 0 0 0 0 0 0
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Table LB

Worm counts of tracer lambs on pasture

= T
Haemonchus spp Trichostrongylus spp
Animal] Adult L. hr Hm Adult L wr L. Coope~ | Impa= Oesoph- | Strongyloi-
Mo, # - 2 ria sppl laia spp| agosto- des spp
mum Spp
a8 BOO 1900 0 0 12600 200 0 0 0 0 0 300
39 1000 1200 100 0 11500 800 LOO 100 0 0 0 100
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APPENDIX III

Worm counts of individual sheep used in the study

of Inhibited development of trichostrongylids.



Table 49

Worm counts of sheep withdrawn from pasture and housed in June 1976

Haemonchus SEP Trichostrongylus spp
Adult develop. MEr Adult develop. Ew
stages stages

350 1450 50 7900 4] 500

0 100 25 1325 25 125

s 125 75 0 1275 a LoO

] 25 200 25 10600 100 400

& 100 400 0 1450 100 400

700 625 50 350 0 0

+ 163 349 0 1325 13 186

& 0 9} o} 3160 210 530

ia 1330 730 110 310 0 70

g 3800 3800 100 7300 100 0
o~
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Table

0

Worm counts of sheep withdrawn from pasture and housed in

ige July 1976

Haemonchus spp

Trichostrongylus spp

Adult develop. wwr Adult develop. ﬁu
stages stages

0 700 0 8250 0 850
150 €50 100 2300 200 L50
2 2800 3650 950 24,500 0 600
2 1500 2900 200 1800 100 500
750 900 200 L850 300 100
< 2800 1700 700 2200 300 100
8 50 1350 0 2600 0 0
5w 3200 700 200 1900 0 300
E m 1350 150 0 1600 0 100
o 2700 BLOO 2000 5900 1400 1600
1600 2100 1100 5100 500 200
3700 2800 5600 14700 1500 1400
” 200 500 1100 4400 1900 1000
S 8 3600 €000 5600 5800 1400 300
m m 2800 6600 9800 6400 2800 800
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Worm counts of sheep withdrawn from pasture and housed in iugust 1976

Table

J

Hdasmonchus spp

Trichostrongylus spp

£dult develap, mwr Adult develop. Hu
stages staces

600 1000 7200 23000 LOO 1100
o 1000 200 3000 11200 200 600
m 1000 700 3400 12400 200 600
= 0 1000 5600 7200 0 300

300 1800 1400 6600 200 2200
» 1700 7000 8000 11500 3000 3300
§ » 3600 1100 41,00 10700 500 500
5 1200 1100 L500 9500 100 200
g5 5100 100 1700 13200 700 3900
& 2200 1400 2500 BL00 Loo 0
P 300 0 7200 8500 100 700
g m 100 1600 25100 9900 1200 5800
m 3 Loo 5000 6300 2000 200 300
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Worm counts of sheep withdrawn from pasture and housed in September 1976

Haemcnchus spp Trichostrongylus spp
Adult develop, Mﬁr Adult develop. bw
stages stages

2300 14900 7900 15800 1400 2900
0 300 2700 14200 0 600
o 0 0 600 6250 200 200
g 500 500 6300 13900 700 1900
= 50 Loo 600 7750 600 1350
200 200 3400 10700 0 200
g 1100 L0O 4100 $400 200 1700
m.m 300 0 5200 13200 0 400
= 3200 10C 4500 11300 0 300
B~ 0 0 3100 6000 0 3200
A 0 0 15950 17800 200 8000
gB 0 200 1800 Q 600 0
28 500 0 1500 6600 LOO 100
o 1300 500 21,00 3000 200 400
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Table 53

Worm counts of sheep withdrawn from pasture and housed in Qectober 1976

Hagmonchus spp

Trichostrongylus Spp

Adult develop. mm_r Adult develop, H_w
stages stages

100 0 6200 13500 0 300
o 0 » 3050 13800 500 0
ﬁm 0 0 3200 6200 100 100
100 300 8000 20200 600 1,800
LOO 100 3200 19100 0 9400
bz 0 0 £500 5800 0 0
22 KOO 200 12400 12200 0 3100
m g 200 500 14900 14500 Q 0
3 ~ 100 200 7100 5400 0 800
0 0 11300 L1200 300 1000
600 100 17000 3500 1100 3300
1100 0 16600 14900 700 100
5a 500 200 25700 1800 900 2500
a5 o 0 11500 L000 100 300
g 150 0 7050 3400 0 1800
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Table 54

Worm counts of sheep withdrawn from pasture and housed in November 1976
Haemonchus Spp Trichostrongylus STP
Adult develop, E ) Adult develop, Hm
stages stages
2200 0 12500 15100 300 200
& 600 0 8900 34600 1300 6900
M 6] 0 LS00 17000 200 0
= 300 0 5500 1900 0 Loo
300 O 6000 L0GCO 200 500
o 200 QO 3400 12000 700 100
s 700 0 7500 9L00 200 700
m b 0 0 10000 S000 LOO 2000
EE 500 0 LL00 15900 500 500
K vl 700 0 9000 10000 200 800
T
o .m 0 0 3200 3200 0 500
m.l LO 0 2600 2500 0 800
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Table

Worm counts of sheep withdrawn from pasture and housed in December 1976

Hasmonchus spp

Trichostrongvius spp.

Adult develop. mﬁr Adult develop, Hu
stages stages
0 Q 3200 2700 0 0
o 0 Q 1900 800 0 1200
& 100 O L000 21600 0 400
0 C 9000 18000 0 oo
4=
5 oa Loo 4] 1700 11000 8OO 900
5 m 0 Q 6000 15000 0 2000
S 0 0 3200 20000 0 700
o
Mo
I m O 0 500 200 0 0
m.l 0 O Q00 300 Q 100
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Table Mm

Worm counts of sheep withdrawn from pagture and housed in Janmuary 1977

Haemonchus spp

Trichostrongylius spp

Adult develop. mwr Adult develop. ww
stages stages

0 0 7000 9400 0 1,00

o LO0 0 14700 25800 0 200

8 200 0 10000 1200 o 1000

& o 0 6000 5300 0 100

£ 300 0 L500 7700 0 3000

g 200 0 11000 6200 0 LOO

52 500 100 20000 6800 0 800

m m 500 0 15500 10300 0 1500

fu¥

s 0 0 0 0 0 o

.m 0 0 0 o 0 0
—

Tracer




Table mm

Worm counts of sheep withdrawn from pasture and housed in February 1977

Hagmonchus spp Trichostrongylus spp

Adult develow., mﬁr Adult develop. Hm
stages stages

Q 0 12000 31500 0 LOG
2 100 0 6100 10500 0 0
2 0 0 2600 5000 0 0
100 0 5200 10100 O 700
. 0 0 9600 8800 0 200
mt .Mu 200 0- 10000 12000 400 1100
HEy 200 0 2100 19700 0 1200

Aog )

&
o2 9 0 0 0 O 0
m 5 o} 0 0 O 4} Q
B ~
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Table 58

Worm counts of sheep withdrawn

from pasture and housed in March 1977

Haemonchus spp Trichogtrongylus spp

Adult develop, EL, Adult deve HDM_ = T

stages L atages 2

0 0 2700 7800 0 0

@ 100 0 3000 25000 200 700

= 300 Q 7500 23700 0 L00

0 0 2100 13400 0 100

- 500 ¢ 5900 3800 LOO 900

g 0 0 9200 21600 Q 1500

3 m 300 0 6700 2500 0 300

5 d 300 200 1,300 55000 0 0
Fy

B o 0 0 0 0 0 0

S8 0 0 0 0 0 0

58 0 0 0 0 0 0
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Haenonchus Spp

eHHQEOm&wonmwwmm Spr

Haemonchug
Adult develop, MHP Adult develop, bw
stagas stages

100 100 0 6100 800 G

650 1,00 900 10100 150 250

300 0 100 o 0 0

n 0 300 600 13800 800 200

2 200 1500 1500 13100 0 0

1000 1300 1000 L300 0 0

- 400 1600 800 2900 700 0

g 1200 1400 1900 8000 Loo 300

m 2 1000 1700 1400 2100 1100 0

53 800 1300 600 3200 200 100

Ay

8w 0 0 0 0 o 0

S H 0 0 0 0 0 0
h —
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Table 60
Worm counts of sheep withdrawn from pasture and housed in May 1977
Hzemonchus spp Trichostirongylus spp
Adult develop. M.H_r Ldult devalop, H_w
stages stages

900 660 3006 2200 500 L0
2 €00 1100 600 LOCO 300 0
3 800 8co 200 43000 600 100

1000 900 500 3000 100 Q
et 800 800 600 21000 1000 200
% TOO 900 1200 17000 800 9]
o .2 900 1000 200 300C0 700 200
m m 100 1000 300 11000 600 0
R4
g2 0 0 0 0 0 o
g 3 0 0 0 0 0 o




Table 61

"

Worm counts of sheep withdrawn from pasture and housed in June 1977

Haemonchus spp Trichosirongylus spp
Adult daevelop. mhr Adult develap., Hm
stages sieges
1200 1700 200 3000 1000 100
a 800 2000 100 16000 900 0
& 1000 1900 L0 20000 1700 360
1100 1300 300 1400 1160 0
+ 1300 2000 200 1700 2700 200
a2 gQ0 2200 700 2100 2300 0
@ m 1400 2900 100 L2500 3800 600
m.L 2000 2100 800 21000 1600 100
a
0o 800 1900 0 2600 200 0
g8 1000 1200 100 1500 1200 100
hql
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APPENDIX IV

Analysis of variance for the different developmental

stages of Haemonchus spp. and Trichostrongylus spp.

in the 3 groups of sheep used for inhibition studies.
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Table 62

fnalysis of variance for adult Haemonchos spp in the 3 groups of sheep

Sum of squares Degrees of freedom- Mean square
Between groups <1018 + 08 2 «509E + 07
Within groups »123E + 09 148 «833E + 06
Potal «1338 + 09 150 -

F = 6.1110 Sig. = 40028 B 01
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Table 63

Analysis of veriance for Haemonchus SPpe development stages in the 3

gxroups of sheep

Sum of gguares Degrees of mwmmmmm Mean square
Between groups «553E + 07 2 +276E + 07
Within groups +296E + 09 148 «2008 + 07
Total «302E + 09 150 -
F = 1,382 Sig. = 255 P»,05




Table 6k

Analysis of variance for inhibited Haemonchus Spp larvae in the 3

groupg of sheep

Sum of sgquares Degrees of freedom Mean sguare

Between groups «299F + 08 2 «HY9E + 08
Within groups 3738 + 10 148 «252E + 0§
Total «376E + 10 150 -

<5541 P>.05
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Table 65

Ainalysis of variance table for adult Trichostrongylus Sppe. in the 3

groups of sheep

Sun ¢of squares Degrees of frecdom Mean sguare
Between groups «190E + 10 2 «952E + 09
Within groups «B55E + 10 11,8 STTE + 08
Total «TOLE + 11 150 -

F = 16,4858 Sig. = 0000 P, 01




210
Table 66

e

Analysis of variance table for Trichosirongvlus spp. developmental

Stages in ths 3 grougs of sheap

sum of sguares Degrees of freedom Mean sguare

Between groups «253E 4+ OF 2 129 + Q7
Within groups +6L3E + 08 148 L38E + 06
Totasl . 5752 + 08 150 -

F = 2.9528 Sig. = .0553 P .05
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Analysis of variance table for inhibitedq eHMowbm&HoumHHSm Spp larvae

!
in the 3 groups of sheep

Sun of sguarsa Degrees of freedon Mean square
Between groups « 1258 + 07 2 «625F + 06
Within groups + 3028 + Q9 148 «20LE + 07
Total «303E + 09 150 -

Sig, = ,7368 P>.05
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APPENDIX V

Body weight, Bggs per gram of faeces and worm

counts of individual sheep used for drug trials.



Table £8

Weight and helminth egg count of

the control

sheep in trial 1

Animal Tag Weight Weight 1st EPGQ 2nd EPG 1st EPG 2nd PG
Yo, before after before before after after
ﬁmmm ment wmmm ment treatment treatment treatment treatment

1 2 23 320 680 1150 L4500

2 22 22 2210 4700 4000 5600

3 27 25 500 1000 3100 800

L 25 23 1310 3800 5400 1130

5 26 2L 1500 2200 L4000 3710

6 2L 22 3000 3700 L4600 5100
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Table 69

Wormg counts of the control sheep in trial 1

Animgl Haemonchus spp Trichostrongylus spp cphagostomurn spp
Teg b3 Bh My Lo gms| p, ®mn,  LL, L. Ad. | Adult
3 b v 75

1, - - 100 300 100 - - - 800 6100 }380

2. - 900 200 200 650 250~ 150 <« 10100 }9ho

3. - 100 - - 300 - - - - - -

e - 600 - 300 - 200 - - 800 13800 |60

e - 1500 300 1200 200 - - - = 13100 | Lo

6. - 1000 Lo 900 1000 - - - = Q300 200
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Table 70

Weight and helminth egg count of the group cf sheep

treated with Nemafax S0 mgz, /kg, body weight in trial 1

Animal Weight Weight 1st EPG 2nd EPG 1st ZPG 2nd EPG

Tag No. before after before before after after
ﬁw@.&nmsﬁ wH@WJﬁmb& treatment | trsaiment | treaiment | treatment

Te 21 22 2450 2110 60 740

8. 25 23 1880 1160 30 90

Oa 22 22 510 1550 0 0

104 23 2l 1250 1160 0 O

11, 23 22 1290 820 160 300

12 24 23 2500 3000 1800 5000




216

Table 71

Worm counis of the groups of sheep treated with

-

MNemalis,

x 50 mg./kg body weight in trial 1

Animal Haemonchus S0P Trichostrongylus spp Cescphagostonur spp
Tag Hu mwr Hﬁr Hm adult Hu mvr Hbm me Adult Adult
Te - - - - - - - - - - 220
8. - - - 700 - - - - - - Lo
9. - - 200 - - - - - - - -
10. - - - - - - - - - - -
e - 50 100 800 - - - - - 170 120
12. - 200 306 600 - - - - ~ 1000 -




Table 72

217
Weight and helminth egg counts of the group of sheep
reated with Thiabendazole 50 mg,/kg, body weight in
trisl 1
Animal Weight Weight 1st EPG 2nd EPG 1st EPG Znd EPG
Tag No. before after before before after after
&Mwwm.mu* ﬁﬂmwmwwnﬁ treatment treatment treatment treatment
19 2L 3 25 1720 7220 90 L0
20. 23 22 330 1500 0 0
21i 20 20 1150 24,80 80 2000
224 20 21 221 2020 0 0
23. 22 22 2000 1700 1000 4,000
P I 24 23 800 1400 150 1200
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Table 13

Worm counts of the group of sheep treated with

Thiabendazole 50 mg, /k=. body weight ir trial

Hacmonchus spp,

Irichostrongylus SPPe

Animzl
Tag L), L Ly Adult | 1L Bly, I, Ly Adult mmwmé% ag0—-
2pp
19. ) |mo - - - - - - 10
20, - - - - - - - - -
21, - 300 300 700 - - - - - -
22, S100 100 100 - - - - - - -
23. 40O 500 1200 300 - - - 1600 100
2k, - - 500 700 - - - - - - ]
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Weight and helminth egg counts of the group of sheep

treated with Nemafax 100 mg./kg. body weight in trial 1

Animal Weight Weight 1st EFG 2nd EPG 1st EPG 2nd
Tag No. before after tefore before after afte
treatpen treatgent treatment treatment treatment treatnm
\H.;m | mﬁi
b ’
3. 23 20 1640 6480 0

o

580 3850
33. 25 2l 1600 5000 0

3, 26 2l 710 1740 0

Ll
Vi
-
A%
i
LA+
L
ny
[&]
o
o

4100 0

Ll
O
.
N
LW )

na
3]

1700 2900 0
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Worm counis of the group of sheep treated with

Table Hm

Nemafax 100 mz,/kg. body weight in trial 1

Animal ichostrongylus spp. Oesorhage=~

Tag Ly E, I, L Adult |L, EL Ll L Adult ,LH,W =L
31, 0 0 0 0 0 0 0 0 0 0 0
32. 0 0 0 0 0 0 0 0 0 0 0
33. 0 0 0 0 0 0 0 0 0 0 0
3l 0 0 0 0 0 0 0 0 0 0 0
35, 0 0 0 0 0 0 0 0 0 0 0
36. 0 0 0 0 0 0 0 0 0 0 0
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Table 76

Group treated with Thiabendazole 100 me/kg

Weight and helminth ego countg of the group of shesp

trzated with Thiabendezole 100 mg/kg. body weizht in

trial 1
Animal Weight Weight 1st EPG 2nd BPG 1st EPG 2nd EPG
Tag before after before before after after
tr m&ﬂmbﬁ trestment trecatment treatment trestment treatment
(xg] (kce)
37. . 25,5 25 1090 3500 0 4)
38, 2L 23 700 2020 0 0
39. 26 24 2110 3110 0 0
Lo, 26 26 2800 3250 4] 0
L. 24 23 1800 3400 O 0
o B2, 25 - 25 - 2200 T L0000 0 0]




Table H“N

Worm counts of the group of sheep treated with

Thiabendazole 100 mg,/ke, body weight in trial 1

Animal Haemonchus spp. Trichostrongylus sSpp.

Tag ww m&r Hhr rm Adult Hw MHr bﬁr Hn Adult

3. 0 0 0 0 0 0 0 0 0 0 0
38. 0 0 0 Q 0 0 0 0 0 0 8]
39. 0 0 0 0 0 0 C 0 0 0 0
L40. 0 O 0 0 O 0 0 0 0 0 0
L41. 0 0 0 0 0 0 0 0 0 0 0]
L2, 0 0 0 0 0 0 0 0 0 0 0
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Table 78

Weight and helninth egg counts of the group of sheep

treated with Kemafax 200 me/keg body weight in trial 1

Animzl Weight Weight 1st EPG 2nd PG tet EPG Z2nd EPG
Tag before after before before after after
ﬁnwmdamsw dHnweammd treatment treatment treatment treatment
73 [kg
13. 22 2L 2BL0 8000 C "0
15, 21 23 6320 L190 o Q
15. 25 26 1200 "154L0 0 0
16, 22 2L 2860 850 0 0
17. 24 25 2100 3280 G 0
18, 26 27 1240 2800 0 0




2
Table [3

(N
i

Worm counts of the group of sheep treated w

Animal Haemonchus spp Trichostrongylus Sppa.

Tag wu Hhr rwr ﬁm Adult ﬁw MHr ﬁhr hm Adult

13 0 0 0 0 0 0 0 0 0 0 C
1L. C 0 0 0 0 0 0 0 0 0 0
15. 0 0 0 0 0 0 0 0 0 0 0
16. 0 0 0 0 0 0 0 0 0 0 0
17. 0 ¢ 0 0 C 0 0 4] 0 0 0
18. 0 0 0 0 0 0 0 0 0 0 0
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Table 80

Weight and helminth egg counts of the group of sheep

treated with Thiabendazole 200 mg/kg body weight in

trial 1

Animal Weight Weight 19t EPG 2nd EPG 1st EPG 2nd EPG

Tag No. before after before before after after
treatpen trecatpent treatment treatment treatment treatment

Nth mwn, - e
25. 2l 23 L4810 8L60 0 0
26. 26 25 1400 1760 0 0
27, 23 21 1200 1780 0 o
28, 26 27 1820 1010 0 0
29, 2l 2l 4000 5200 0 0
1 18 22 23 3200 L4700 0 0
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Table 81

Vorm counts of the groun of sheep trooted with

Thiatendazole 200 mg/ke body weight in trial 1

Animal Haemonchus spo Trichostrengylus Spp.

Tag Hm Mﬁb bbr Hm Adult ww MHr Hbr Hm 4dult | Jesophago-
stomus spp

25, 0 0 0 0 0 0 0 0 0 0 0

26, C 0 0 0 0 0 0 0 0 0 0

2T 0 0 0 0 0 G 0 0 0 0 0

28. 0 G o 0 G G o 0 0 0 0

29. 0 0 0 0 0 0 o 0 0 0 Q

30. 0 0 0 0 0 0 0 0 0 0 0
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Table 82

¥eight and helminth egg counts of the control

Animal Weight Weight EPG PG

Tag. before after before after

treatpent treatment treatment treatment
73) fs)

1682 22 21.5 - _ 1000 52L0
2054 20 2040 116860 200000
2057 23 22.5 3500 11000
2058 15 14.6 2500 6LhG
2062 17 16,4 3160 20840
2070 19 1847 180 41320
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Worm counts of the contrgl sheep in trial 2

Table 83

Animal Hacmonchus sPPe Trichostrongyius spp.
Tag MHr Develop. Adult ﬁw umdwwow. Adult Others
stages stages

1682 6000 1200 800 1000 S00 800 0
205, L000 700 3000 800 300 24000 0
2057 2000 1000 1500 300 300 10200 Q
2058 SL0o0 500 1000 600 100 7500 o
2062 3700 800 2000 200 LOO 15000 0
2070 7000 200 800 500 800 €000 0
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Table 8

weight and helninth egg counts of the group of sheep

treated with ¥emafax 50 Bm\ﬁm.doaw weight in trial 2
Animal Weight Weight EPG EPG
Tag hefore after before after
treatment #HmWw ent treatment trostoent
fez) (e
2019 20 20,0 14700 0
203l 19 18.5 600 0
2052 22 217 34440 60
2069 19 18.6 8240 0

[ s e e
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Table 8C

¥orm counts of the epoun of sheep treated with
Hemafax 50 mg/ke body weight in trial 2

£nimzl Hzemonchus sph. Irichostrongylus spp.

Tag mwr Jevelop, Adult L 3 Develop, Adult Cthers
2019 800 200 0 0 £00 C o
2034 500 300 0 100 . 200 o 0
2052 0 700 100 300 _ 0 200 0
2069 3000 100 0 0 0o 0 0
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Table 86

Weight and helminth Sgg counts of the group of sheep
treated with Thiabendazole 50 mg/ke body weight in

trial 2
Animsl Weight Weight EPG =PG
Tag before after before after
e = +e.
wummmwﬁwﬁ dehmmmﬁw reaiment treatment
2018 17 16.4 2020 300
2042 15 15,0 2280 0
2045 19 18,5 1110 520

2059 21 20,5 1420 . 0
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Worn counts of th

Table 87

€ group of sheep treated with

Thiab

endazole 5C mg/kg body wei

ght in triaj

ﬁ.,s_.w_h_mu ﬁmﬁuﬁ@.ﬁ.ﬁu.mw% Adult L w,ﬁosomwmmwmw%m Mwm.p@bﬁ thers
Tag Siages stageg
2018 500 100 100 0 100 0
2042 2000 0 ) 0 0 0
2045 1800 250 300 300 250 0
2059 Lo0o 120 0 100 0 0




x|
o

—

ble 88

Weight and helminth egg counts of the group of sheep

treated with loxon 2 at 25.5 mg/ksg

Animal Weight Weight EPG PG
Tag before after before after
treatment treatgent treatment treatment
(ks (k&)
2026 18 1Tt 31700 L80C
201 15 14.8 1420 1160
2046 19 18.5 7340 1800
2049 15 15.0 3360 1240
2068 21 198 1000 10580
2063 18 175 4600 3960
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Table 89
Worg counts of the group of sheep treated with loxom 2 at
25.5 we/ke.
Animal Haemonchus sSpp. Trichostrongylus spp.
Tag wH_r Develop, Adult hm Develop. Adult Others
stages stages
2026 3500 100 200 300 600 Lo0 0
2031 6000 300 100 0 700 100 ¢
2046 LO00 600 300 LOG 200 300 Q
2049 1200 Q 600 100 100 200 o
2068 7000 0 S00 0 300 T00 C
2063 5100 4,00 500 0 800 LoO 0
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Weizht and helminth S&E coun

Table 30

ts of the group of sheep treated

with Remidc at 7.58 mg/ke,

Aninmal Weight Weight HRG EPG
Tag hefore after before after
ﬁwmmdamn& memﬁﬁms& trzatment treatment
(kg T.mw
1671 14 13.7 112260 7520
2030 . 19 18.8 21240 3420
2036 16 _ 15,7 5220 420
2039 15 < hak 2020 800
2043 16 15.6 760 1860
2067 21 20.0 6200 - 6160
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iRl R D

Worm counts

of the group of gheep treated

Table 91

with Ramide

st 7.58 nz/kg

Aninal Heemencius SpP. Trichogstrongylus SPD.
Tag mwr Develop. Adult ﬁu Develop. Adult
stazes stages
1671 LO00 ¢ 100 200 500 - 8§00
2030 3200 500 300 100 100 500
2036 100 200 BGG 300 300 500
2039 6000 100 200 100 300 300
2043 1500 100 300 100 100 200
2067 2800 .. . 600 500 0 ) 200 €00

Others

a8 - ————
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Table 92

Weight and helminth egg counts of the group of sheep treated

with Nemzfex 100 mg/kg body weight in trisl 2

Animal Weight Weight EPG G
Tag before after before after
ﬁwmmwamzw dﬂumﬂﬁmsw treatment treatment
(ke {ig)

2027 .19 19, 5600 0
2028 18 176 12280 0
2033 21 20,5 32L0 0
20h7 21 - 20,8 6000

. _ 0
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Worm counts of the group of sheep treated with Nemafax

Table 93

100 mg/kzg, body weight in trial 2

dnimal Szonmonchus SLD. Trichostrongylus Sppe
Tag mwr Develop. Adult L Develop,. Adult Others
stages 3 stages
2027 0 C 0 0 O ¥ O
2028 O 0 0 0 0 0 G
2033 QO 0 0 o 3} 0 O
20L7 0 9] Q 0 0 0 0
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Table ww

Weight and helminth egg counts of the group of sheep

treated with Thiabendazole 100 mg/kg body weizht in

trial 2
Animal Waeight Weight EPG PG
Tag before after hefore after
treatnent treatment treatment traatiment
(k&) {kz)
2018 17 16.4 2020 a
2024 15 15 2280 0
2055 19 18.5 22220 Q
2059 21 20.5 1420 Q
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Table mm

Worm counts of the group of sheep treated with
Thiabendazole 100 ng/ke body weight in trial 2,

Animal Haemonchus spp, Trichostrongylus SED.
- ; =
Tag mwr Develop, Adult Hu Develop, Adult Others
stages stages
2018 0 0 0 0 0 0 0
202 0 0 0 0 0 0 o]
2055 0 0 6] 0 0 0 0

2059 0 0 0 0 ¢ 0 0
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Table mm

Weight and helminth ege counts of the
treated with loxen 2 at 51 mg/ke,

Animal Weight Weight EPG fse)

Tag before after before alfter
&HMWMM%ﬁd wwmmmwwsﬁ treatment &HmmﬁﬁmWA

2015 17 16,8 2900 840
2037 17 : 16,4 3550 0
2029 2l , .23 6020 T360
2048 20 29 1560 24,0
2056 23 22,5 LL20 : 0

- 2066

20 | 20 L9000 560
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Takble 91

Worm counts of the group of sheep treated

with loxon 2 at 51 mg/kg.

Animal Haemonciiug sSpps Trichostrongylus spp.
Tag wﬁr Develap. Adult bw Devzlop. Aduli Othersg
stages stages
2015 5000 300 300 200 - 100 300 0
2037 3500 300 0 0 | 200 0 0
2029 1000 0 700 100 300 €0G 0
2048 LOOO 100 L0 700 200 500 0
2056 1500 0 0 100 100 0 0
2066 3000 10G 200 300 100 200 0
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Table 98

Weight and helminth egg counts of the group of sheep
treated with Ranide at 15.16 ma/ke.

Animal Weight Weight PG EFG
Tag before after before after
treptment tre ﬁamaﬁ treatment treatment
(kg) (ke

1630 18 17.8 15020 3800
2032 18 172 31400 1160
2035 11 11 3000 o
204, 16 1546 10000 1700
2053 20 19.4 11300 3000
2065 19 18.5 17500 1280




Worm counts of the group of sheep treated

Table 99

with Ranide at 15.16 mg/kg.

Animal Hacmonchus spp. Trichostrongylus spp.
Tag mwr umanOﬂ. Adult bu Develop. Adult Cthers
stares stages
1630 2500 200 500 100 200 700 0
1632 Lo 800 900 0 300 200 0
1635 800 L00 0 0 300 0 0
20LL L4000 0 200 Lo 0 100 0
2053 1000 0 400 300 100 800 0
2065 0 700 100 100 400 300 0
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APPENDIX VI

Helminth egg counts per gram of sheep faeces,
blood values and worm counts of sheep with

acute or chronic helminthiasis,
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Table 100

tpg and blood values of sheep 513 with acute helminthiasis

EpZe PCV, Hb, REC, WBC, Eosin, Baso, Band, Dsgm, Lymph, Mono.
mye i 2/ L- s .-. Uf 4 L 4
R _ &/ 10%em 10Yeen % % % % % %

7=6=T6 20 28,5 10,1  8.58 Tl LB 0 o 24 70% 1
1L=6=76 70 32,0 942 6457 6,90 - - = - - -
21-6~76 290  25.0 Be6 6467 8,50 5 - I 29 €53 0
29=6=T6 1310 22.0 8.5 5.82 8,90 - - - - - -

5=7-76 2320 28,0 8.4 5«91 5.LO0 8 0 0 28 633 L
12-7-76 4900  29.5 8.7  6.59 5.50 - - - > = =
19=-7-76 8110 25,0 8.2 6.19 8,00 10% 0 0 3863 504 3
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Table 101

Zpg and blood values of sheep 514 with a2cute helminthiasis

DATE ZpE. PCV, Hb. aBGC. WBC. Hosin. Baso. Band. Segm. Lymph. }ono.
% g/dl, Ao@maa Aowngw o % % % o 9%
7-6-76 1780 16,0 beo 6.2 9,5 2 0 0 53% L 0
1L=6=76 5150 13.5 Lel 6.61 13,8 - = - - - -
29676 3500 10.0 3.4 579 1141 - 0 0 553 W 2%
5-7=76 4030 9.0 7.8 S.L7 8.4 Tl 0 0 58 38 0
12-7=76 3500 1145 31 2.81 9.4 - - - - - -

19-7-76 3220 10,0 2,6 2,23 13.9 0 0 0 7Ly 253 0
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Table 102

————————

Epg and blood values cf sheep 533 with acute helminthiasis

DATE EPGs owmq. Hbe wwm. ,...qwm . Fosine Baso. Band, Ses Lymph, H_moﬂuo .

% g/ax 10 femn 10%emm % % o of % %
T-6=T6 0o 15,0 5.3 1o57 5400 1 0 0 5l LL 1
11,-6=76 20 17,0 5.7 L.53  6.60 - - - - - -
21-6=76 950 18,0 5.4 5,15 L.T0 B 0 1 30% 65 0
20=6-T6 1500  18.0 9.5 Lo14  Ll.60 - - - - - -
E=T7-T6 3480 15.5 5.3 3.65 5.90 3 0 o het 52 2%
12=7-76 3790 1145 3.8 3.34 14.00 - - - - - -

AWIﬂl.wm mrmo 11.0 wtm m«mo moOO

w4
Qo
=
W
O

38% 2
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Table 103

Epg and blcod values of shezp 552 with acute helminthiasis

DATE re PCY, Hb, RBC , WBG Eosines Basc. Band. Segm, Lymph. Mono,

o g/al  10°/com 107 form o o % o o 9%
T=6-T76 0 22,0 741 6.72 4a? 4 e} 0 8% 87 L
1Lh-6-76 20 20,5 6e7 6441 11.6 - - - - - -
12=6-76 3500 18,0 €.k £.70 12.6 * 0 0 55% 38 1%
29-6-76 950 1645 5.2 4e77 7.5 - - - - - -
5=T~76 5730 15.0 5.1 3.65 L 73 o 0 56 33% 2
12-7=76 5500 14,0 L.9 L. 00 7ol - - - - - -
19-7~76 7220 14.0 £.0 4450 11.6 5% 0 0 Lot L5 0
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Table Aow

Epg._and blood values of sheep 553 in acute helminthiasis

DATE Epg. PCY. Hh. o, WsC, Fosin, Basoc. 3and, Segn. Lymph. Mono
5 g/t 10%em j0¥om g o % 9 % 9%

T=t=T76 C 15.0 SeT 575 8.3 3 Q 0 56 39 2

T=6=76 0 18,0  S.h 6.23 9.9 - - - - - -
21m6=T6 390 15.0 LB 6,65 T.7 b 0 0 76 8% 1%
29=6=-T6 1460 13.0 hao?2 5.76 Te2 - - - - - -
5-T-76 2300 1.5 3.9 3.26 8.5 1 ¢ 0 624 36 3
12u]=76 3200 12.C Liel 3,38 9,2 - - - - - -

19-7-76 4400 11,0 3.4 3.03 7.8 5 0 0 6l 3% 0
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Epg and blood values of sheep 558 in acute halminthiagis

Table k_oM

DATE Epg. PCcYv, Hb, RRC, Ce Kosin, Baso, Dand, Segm,  Lymph, HMono,
% g/ tofem qoifem ¢ g % “ o« o
Twb6=T6 0 30,0 11,1 10,50 19,9 2 0 0 52 L6 0
1L-6~T76 L20 30.0 11.0 10,20  16.1 - - - - - -
21-6=76 L20 26,0 9,5 9,08 14,0 23 0 0 t:! L0 0
29-6~76 800  19.0 7.0 6.47 11.2 - - - - - -
B=776 2370 13,0 5.0 Le12 4.0 8% 0 o 63 28% 0
12=7~76 7500 1545 Sl 3.98 15,5 - - - - - -
19=7~76 12800  12.0 4.8 3,92 18,1 2 0 v 5L L 0
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Table 106

Epg ard blood values of sheep 577 in acute helminthissig
DATR Epg. PCV, Hb, HBC, W3C. Fosin., Raso, Band,  Segm, Lynph.  Monc,
% /31 10%/omn 10} /am ¢ % % o % %
-6-76 . 0 3.0 0. 9,94 9.5 0 0 0 173 50% 2
21-6=76 b9 21,0 7.8 8.59 9.2 3 0 0 56 L2 1
5-7=76 1270 15.0 L8 4,51 12.8 0 0 3 75 72 0
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Table 40

Epg and blood values of gheep 59) in acute helminthizais

DATE Egp,. PCv, Hb, . RRC, WBC Eosin  Baso., Band Segm.  Lyrmph Mono,
of g/dl Aom\aaa 10%/cmm % % P o < %
T=6-76 0 32,0 12.8 9.39  13.3 3% 0 0 26 69% 0
1h=6-76 30 29,5 12.9 10. 6 15,2 - - - - - -
21~6-76 870 26.0  11.) 10.63 15,7 33 0 0 363 59 1
29=6-76 900 27,0 12,2 T«79 104 - - - - - -
5=T=76 1580  Clotted - - - 1% 0 0 28% 694 %
12=7-76 1160 20,5 7.8 €.26 8.3 - - - - - -
19=-7=76 9680 14,5 647 5.64 8.3 0 0 0 50% Lok G
26-T-76 10460 13,0 L6 L.75 15,0 - - - - - -
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Table 108

Epg and blood values of shee

1105 in acute helminthiasis

DATE Epge PCV. Hb, RBC. WBC, Zosin, DBaso, Band., Segm. Lymph. Mono
% g/l 10%cmm 10%om st o 9% o 5
=676 0 23.5 3,0 8.11 8.9 1 0 0 L6 L3 1
1=6=76 0 2645 9.2 9.06 7.1 - - - - - -
21-6-76 470 2L.O B.6  8.19 6.6 3 0 0 26 69 2
29-6=T6 1300 22,0  B,.7 5.6k 6.8 - - - - - -
5-7~-76 11340 1740 Boli 6432 5.7 3 0 0 37 62% 0
12-7~76 7100  16.0 5.5 3.9k 5.2 - - - - - -

19-T-76 2930 9.5 2.6 2.76 12,7 0 0 0 70% 28 13
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Cpg and blood

Table 109

values of sheep 111} in acute helminthiasis

DATE Epg. FCV. Hb. RBC. WRC. Fosin, Baso, Band, Sefm. Lymph Mono

« g/l 10%me 10Yam ¥ o o % 5
Tb=T76 0 25.0 9.2  B.66 10,40 3 0 0 L Sl %
1L~6=76 60 25.5 10,0 9,21 15,00 - - - - - -
21=6=76 50 22,0 8.6 8.80 12.10 1 0 0 1,24 524 L
29-6-76 1310 20,0 7.0 SeTT 10,70 - - - - = =
5=7=76 1500 19,5 6.8 5.32 12,50 13 0 2 664 29% 1
12=7-76 2910 17.0 6.0  L.50 9+50 - - . - - -
19=7-76 2770 1L.0 Le9 L3k 15,10 * 0 0 583 413 0
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Tabls 110

Bpg #nd blood values of sheep 1116 in acute amwswmﬁswmwwm

EATE Epg. PCY, Hb, RBC, YWRQ, Eosin. 3Baso, Band, 3egm, Lymph, Mono
£ g 10%am 0¥ e x o % S
T-6=76 0 3Le3 13,1 10.9L 15,7 1 0 C 38 61 0
1mb=T6 0 34,0 12,2 10.59 13,4 - - - - - ~
21676 180 3L.0 1.6 10.33 11,9 1% 0 0 28 €9 1%
29-6-76 900 34.0 1342 10,42 11,1 - - - - - -
5=7-76 2140 32,0 11,6 10,29 11.3 % 0 1 26% 71 1
12776 6L50 21,0 77 6.99 8.1 - - - - - -

19-7-76 11480 21,5 745 5.7T 6.9 3 o 0 34 65 %
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Table 111

Tpg and blood values of sheep 1117 in acute helminthiasis

DATE Epg. BCV, Hb. RBC, WBC. Ecsin, Baso. Band, Segm, Iymph, DMono
9% g/dl 100 fomm 10Fenn & % % % % o
7-6=T6 0 22,5 8.6 9,11 5+00 % 0 0 L6 50% 1%
14=6-76 0 25.0 11.5 10.96  13.1 - - - - - -
21=6=T6 200 18,0 6.0 7485 7430 3 0 + 65 33% 1
29-6-76 1320 19,0 7ot 7.60 6,30 - - - - - -
5-7=76 2130 20,5 7.0 B.lily 16,60 0 0 0 762 22k 1
12-7-76 2370 The0 £.8 L.76 10,70 - - - - - -

19=7-76 11350 1.5 La3 3.75 11.00 i 0 o 61 36 2




Table 11k

Epg and blood values of sheep 112L in acute helminthiasis

DATE Epg. POV, Hb. REC. WBC. FEosin, Base, Band. Segm., Lymph. Mono

% g/l 10%emn 10Yemm % % % % % %
7-6=76 0 32,5 3.9 10,04 11,2 1 0 0 LA 51 0
1=6-76 0 26,0 8.8 7.81 9.7 - - - - -
21=6=T6 200 23.0 T+9 731 9.6 5 0 ¢ L2 53 0
29-6-76 1000 22,0 9.6 6,90 13.6 - - - - -
5~7-76 7580  17.0 6.3 S.64  11.4 3 0 0 52% by i
12=7=76 5890 13,0 LeS 3,62 . 9,1 - - - - -
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Table 112

Epg and blood values of sheep 1118 in acute helminthiasis

DATE Epe. PCV, Hb, RBC. WBC. Bosin, Baso. Band, Segm. Lymph. Mono
2
o g/al  10%emm 107cm o % % % % %

T-6-76 0 28,5 10.3  10.36 9.30 2 0 0 46 5ok 1%
1L=6=76 0 26.0 10,0 9.23 8.00 - - ~ - a5 e
21=6-76 20 2l4,0 Gel 8.86  7.10 LA 0 0 AE 60 1
29=6-76 1400 25,0 8.6 T.36 6.20 - - - - - -
12=7=76 1080 16,0 549 L.29 11.90 - - - - - -
19=7-76 2280 12,0 L0 2.91 8.90 0 0 0 62% 35 2%
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Epg and blood values of sheep 1126 in acute helminthiasis

Table 11

DATE Epg. PCV. Hb. RBC. WBC. Eogin, Baso. Band, Segm. Lymph. Mono
%  gfdl  10%om 10Yomn % % % % % %
7-6-76 0 29,0 11,8 10,45 11.8 0 0 0 57% Lt 1
1L~6=76 0 24,5 8.9 8.66 11.2 - - - - - -
21-6=76 120 2L.0 8.0 8427 12,5 1 0 0 563 Lt 1%
29~-6=T76 800 24,0 8.9 T.79 11,71 - - - - - -
5~T=76 1650  23.5 8.8 T.20 9.9 1 0 % 60 37 1%
12-7-76 2540 20,5 7.6 6.3t 11.3 - - - - - -
19~7-76 2730 L5 5ot Le52 11,3 0 0 % 68% 313 0
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Epz and blood values of sheep 1128 in acute helminthiacis

Table 116

DATE Epg. PCV, Hb. RBC, WBC. BPogin. Baszc. Band,. Segm. ILymph. Mono.
% g/ar  10%cm 10Yemn ¥ o 5% o% % o%
7-6=76 0 30,5 10.9 10,43 8,90 0 0 0 50 573 2%
14~6-T76 0 31.5 11.0 10.50 11,53 - - - - - -
21=6=76 910 2640 9.6 9,80 7.L0 0 0 0 Lok L9 1%
29~6-76 800  20.0 7.8 8.27  9.60 - - - - - -
5~7=76 3950 21.5 Tl 6,38 Te30 & 0 0 L3 564 0
127=76 6400  20.0 6.5 577 - 6,90 - - - - - -
19-7-76 11840 - 1L.0 4.2 3.30 8.10 0 0 0 6% 35 1%
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Epsz and blocd values of sheep 1137 in acute helminthiasis

Table 117

DATE Bp&e PCV. Bh. RBC, WBC. Bosin, DBaso, Band. Segm,. Lymph. Mono

% g/ 10 103em % % % % % %
7-6-76 0 33.0 12,0 10,11 12,20 0 0 0 65 34 1
144=6-76 0 350  11.9  10.96 21,60 - - - i, - -
21=6=T6 860 28.0 10,4 10,72 15,00 1 o 4) 63 35 1
296=76 1550 26,0 9.3 8.10 8,90 - - - - - -
5-7-76 L4580 13,5 k.9 Lo  T7.60 0 0 0 68% 2l 4%
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Epg and blood values of sheep 1139 in acute helminthiagis

Table 118

DATE Epg. PCV. gb., RBC. WBC. Eosin. Baso, Band. Segm, Lymph. Mono
%  g/al  10%cmm 10Yemm % o % % 9% 5
7-6=76 0 31,0 12,6 10,3 8.89 1% 0 0 63 3 13
1~6=76 0 39.5 1.3 9.l 11,00 - - - - - -
21-6-76 670 30,0 1.9 9.70  11.60 1 0 0 L% 524 2
29=-6-76 1400 29.0 9.9 8,30 8.00 - - - - - -
5-7=-T6 2730 2L.0 8.6 6,59  T.10 & 0 0 38 60 $
12-T7=76 3800 22,0 8.1 8.00 8.60 - - - - - -
19~7-76 6050 19,0 6.6 5.96  9.30 2% 0 0 522 L3 3
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Tpeg and blood values of sheep 1149 in acute helminthiasis

Table 119

DLTE Erg. PCV. Eb. RBG. VG, Ecsin, Pago, Band, Segm. Lymph. Mono
% a1 108/con 10omn % % o« o %
T-6=76 O 29,0 11.6 9.3 8.5 1 0 0 594 373 1%
ymb=T6 0 3341 12,7 10400 9.4 - - - - -
12-6-16 200 Clotted - - - - - -
29616 1600 30.0 12.0 £.34 7.5 - - - - -
5-7-716 1810 25.0 9.4 8.15  T.t 1 0 0 50 L7% 1
12-7-76 4300 19,0 7ol €.80 7.1 - - - - -
19-7-76 6960 18,1 €.6 5.80 7.1 5 0 0 LBk k7% v
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Epg and blood values of sheep 1152 in acute helminthiasig

Table 120

DATE Epg. PCV. Hb. RBC. WBC, Eosin, Baso, Band, Segm, Lymph. Mono.
%  g/al  10%em 107con % % % % 5%
7-6~76 o 39.0 1542 10.96 11,5 0 0 0 Lo% 59% 0
1=6=T76 0 k2.5 1L.9 7436 8.3 - - - - - -
21-6=T76 120 38,0 1443 7.93 9.2 0 0 0 L0 58% 1%
29=6=76 1200 39.0 10.9 6.37 5.6 - - - - - -
5-7=76 1600 39,0  13.3  10.84 8.4 33 0 0 28% 67% %
12=7-76 2590 32.0 10.9 8.9k 11,5 - - - - - -
19=T=T76 - Clotted = - - - - - - - -
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Epg and blood values of sheep 1153 in acute helminthiasis

Table 121

DATE

Lymph,

74
79

8-6-76
1L~6=76
21-6=T76
29-6=76

5=T=76
12-7-76
19-7-76€

o O

ro
(v}
o

1510
3120
5500
3510

3L.5
3440
28.0
27,0
22.5
16,5
16.0

12:5
13.1
11.5
10,1
Tsh
6,2
mn.ﬂ

10.94

8.04
8.82
9.57
6452
6.08
L.L9

L2

53
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Epg and blood values of sheep 1156 in acute hel

Table 122

minthissis

DATR Epa. PCV. Hb. RRC. WBC. Eosin., Baso. Band. Scm. Lymph. Mono.
9% g/l 10%em 10fcam % % 5 o % o%
T=6-76 0 35.5 12,5 10.9L  12.2 2 0 0 51 L3% 3%
1 L4=6=T6 0 32,5  11.7 10,00 12.6 - - - - - -
21-6-76 0 25.0 10.6 10.09  10.6 1% 0 0 Ly 52 2%
29=6=T76 1400 21,0 Te3 Selily TaT - - - - - -
5-6=76 60L0 14,0 .8 341 7.6 13 0 0 E6% W% 1
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Worms recovered from the group of sheep with acute infection
Baemonchus spp. Trichogtrongylus SPP.
No, Adult Tmmature Adult Tmmature Strongyloi- Others
des spp.

513 2000 800 3200 1000 3100 0
514 14,00 2000 1500 600 LOO 0
533 2600 800 1000 1700 0 0
552 1750 450 950 1250 100 100

583 1800 300 2200 LO0 800 0
558 1000 8000 L8000 200 600 0
577 1500 1400 3000 0 1100 LOO

594 3000 6000 1800 0 450 200
1105 1340 3100 1600 600 100 100
1114 2000 800 £100 900 1800 100
1116 1600 900 L1000 100 300 0
1117 3700 1700 6400 6400 2200 100
1118 4100 1100 5800 1600 1300 300
1119 2100 800 1900 1000 00 0
1124 1800 Loo 1600 800 100 200
1126 1000 2500 2100 400 500 100
1128 1400 900 800 Q LOO 0
1137 2500 900 1500 500 700 0
1139 1600 1300 14600 1300 1300 0
11L9 3200 300 8100 L00 2100 200
1152 11550 750 11500 1600 600 600
1153 900 1100 9000 900 1100 300
1186 1800 1200 2300 4] 300 100
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Table 12

Epg and blood values of sheep L95 with chronic helminthiagis

DATE Epg. PCV. Hb, RBC. WBC. Eosin. Baso. Band, Segm, Lymph. Mono
% g/ 10¥em 10fem % % % % % o
T1=-6-76 140 28.0 10,4 9.7h 8.8 7 0 0 60% 3 1%
11,-6-76 10 3045 10,6 10,02 11,0 - - - - - -
21=-6-T76 190 2845 10.7 10.32 1L 5 0 0 148 L6+ 0
29-6-76 70 21.0 11,4 10.14 14,1 - - - - - -
5=7=76 250 29.5 10,0 8.76 8.2 6 0 o 26 68 0
12-7-76 320 2945 10.7 9.53 12.5 - - ~ - - -
19-7-76 800  27.5 949 T.76  12.9 12% 0 3 L13 Ll 1%
26=7=76 1210 27.0 10.5 9,62 15,3 - - - - - -
3-8-76 1210 26,5 10.4 8.38 €.8 10 0 0 L1 LS I
9-8-76 1390 28.5 10,1 9.34 16,1 - - - - - -
16=8-76 1900 26.5 9.4 9.69 11,2 é 0 0 26 66 2
23-8-76 2850 23,5 7.8 T01 Tt - - - - - -
30-8-76 150 23,0 79 792 12,9 10 0 3 Lk L3 2
6-9=76 3270 23.0 £.8 6,96 11.4 - - - - - -
13-9-76  L8BLO  23.0 To7 6,95 11.9 2% 0 0 28% 672 1%

20-9=76 7800 22,5 6.0 550 7.1 - - - - -
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Table 125

Epz and blood values of sheep L99 in chronic helminthiasis

DATE Epg. PCV, Hb. mBC, WBC. Eosin. Basce. Band. Segm. Lymph, Mono,
% g/ 105/cmm 10 Yom ¢ % % % % %
7-6-76 0 22.0 8.5 784 7.4 o 0 0 30 624 1
14-6-76 126 29,5 11,2 10,33  1L.4 - - - - - -
21-6-76 240 29,0 8.4 8.23 8.9 83 0 0 363 55 0
29-6-T6 350 28,0 9,2 8.60 3.7 - - - - - -
S5=7=76 o 27,0 10.2 T 1009 12% 0 0 L8 38% 1
12-71-76 300 25,0 9l 8.02 8.7 - - - - - -
19=-7-76 120 26,0 3L 8.19 12,6 12 0 0 58 28 2
26-7=76 13h0 21,0 10,7 T.92 12,2 - - - - - -
3-8-76 570 23,0 8.9 7.07 9.3 5% 0 0 43 50 1%
9-8-76 1360 240 9.0 6.95 Te2 - - - - - -
16=-8-76 1240 22,5 8.2 T.78  10.6 9 0 0 38 L9% 3%
23-8=76 11100 21.5 8ot 7.26 9.8 - - - - - -
30-8-76 1050 20.5 6.1y 8.23 12,8 14 0 0 31 53 2
6=9~76  LLTO 21,0 8.1 7.72  12.4 - - - - - -
13-9=76 1700 21,0 6.9 .32 10.3 13 0 0 o Bk . 2
20-9-76 900 23,0 Galy 6,26 10,8 - - - - -
L-g-76 5320 20,0 6.2 6.03 8.3 - - - - - -
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Table 126

and blocd values of shee

00 with chronic helminthiasis

DATE Epg. PCV. Hb,. RBC. WEBC. Eosin. Segm, Lymph. Mono.
% g/ 10%m 10¥fem % 5% % 5
T=6=76 26 30,0 114 9.32 12.5 12 35 46 1
14=6-76 670 33.5 1.5 9.90 11.1 - - - -
21-6=76 160 32,0  10.8 9.57 7.9 5 36 57 2
29-6-76 90 31,0 11,0 9.54 11.3 - - - -
5-7-76 10 31,5  11.6 9.30 9.6 8 32% 1% -
12-7-16 60 29.0 11.0 9,15 11,7 - - - -
19=7=76 120 30.5 1.7 10,07 9.9 0 L2 L9 5
26=7-76 790 41,5 16,6 14,36 9.9 - a - _
3-8-76 930  3%.0  10.9 8.95 8.0 5 233 70 1%
9-8-76 710 36.0 10,7 10.02 9.0 - - - -
10-8-76 1306 28,0 10.5 9.5 8.4 1% L1 57 >
23-8-76 1200 28.0 9.8 8.7h 1Ll - - - -
30-8-76 840 2740 9.5 9.39 8.6 0 L7 51 1
6=9-76 L350 2340 T2 6.14 8.1 - - - -
13=9-76 3960 20,0 5.7 5¢59 8.1 2% S5& 373 L*
20-9-76 4130 21,0 5«8 5.64 8.9 ~ - - -




273 Table 127
BEpg and blood values of gheep 501 in chronic helminthiasis,

DATE Erg. PCV. Hb. EBC, WBC. Bcsin, Baso. Band., Segm. Lymph., Mono.

%  gfil 1P fomm 103emm % % % % % %
| T=6=T76 260 23.0 8.4 8.30 20,2 5 0 0 L 50 1
1~6=76 120 30,0 10,8 10.60 15,7 - - - - - -
01=6=T6 6L0  25.0 9.5 9,03 15.8 13 0 0 32 53% 1%
29-6=T6 1000 25,0 9.7 8,49 15,2 - - - - - -
5-7-7€ =~ 1400 23,5 9.9 797 13,5 8% 8 0 L3 1,8 1
12=7=76 270 26,0 10.3 8.95 13.0 - - - - - -
19-7-76 980  26.5  10.5 9.17 17.7 10 0 0 35% ol c
26-7=T6 290 27.5 9.5 T.67 12,7 - - - - - -
3-8-76 8650 26,5 10.4 B,0B 13,0 14 0 ) 333 52 %
9=-8~76 1790 26.0 9.0 B, L1 12,1 - - - - - -
17-8=76 2480 28,0  10.7 9.97  13.1 7 0 0 10 76 1
23-8-76 3280 27.5 92 8.37 13.8 - - - - - -
30-8-76 2260  27.5 9.5 Ba52  15.4 8% 0 o} Th 55 23
6=9-76 1610 2.5 TeT 7.30 13,9 - - - - - -
20-9-76 2100 27.0 8.1 Te99  14.9 - - - - - -
G 10=-76 LS00 30,0 8,1 T.51 11,1 - - - - - -

A



274

Epg and blood values of sheep 502 in chronic helminthiasig

Table 128

DATE Epg. PCV, Hb., REC. WEC. Eosin, Baso, Bande. Segm. Lymph. Mono.
o g/l 18/cmm 10¥orm % % e % % %
T=6=76 30 28.5 10,6 10.82 10.9 13 0 0 33 53 0
14=-6-76 1270 26,0 8.8 9.66 3.0 - - - » - -
21-6-76 450 29,0 10,5 10426 T2 2% 0 0 L63 51 0

5-7-76 Lo  29.5 10.8 7.51 8.1 53 0 0 Lo3 LY 1

12-7-76 20 30.5 1143 9,32 10,3 - - - - - a
19=7=76 160  27.5 9.6 8.4,9 8.5 12 0 1 L5 N 1%
26-7-T6 270 27.0 10,3 8,68 6.7 - - = = % o
3-8-76 510 2545 944 8.25 Te3 - - - - - -
9-8-76 370 2345 10.0 10.26 10,3 - - - - - -
16=8-76 680 2740 el 8.73 ol 7 0 1 L9 €3 0
23-8-76 5230 26,0 8.7 8417 9.0 w = “ - - -
6=9=76 3420 2245 6e1 5¢36 6e3 - - - - - -
20-9-76 7920 1940 542 $.6L  Te5 - - - - - -
27-9-76 1080 22,5 % 6,90 11.3 10 0 0 63 27 0
L=10-76 680 23,5 TT Te35 11.1 - - - - - -




278 Table 129
Epg and blood values of gheep 503 in chronic helminthiasis
DATE Epg. PCV. Hb, RBC. WBC. Eosin, Baso, Band, Segm. Lymph. Mono,
% g/ 10%emm 10Yemn % % % o % %
7-6-76 L6 26,0 9.9 8.97 12.4 1% 0 + 19 78 1%
11=-6=76 310 32,0 11.6  9.69  12.5 - - - - - -
21=6=TE 340 31,0 10.4 9.42 10.4 0 0 19 77 0
29-6=76 LOO 29,0 945 8.19 AN - - - - - -
5-7-76 0 21,0 9 Tl 1.7 I 0 0 36 562 1
12=7=76 500  23.5 Bs9  7.59 1146 - - - - - -
19=7=76 470 25.1 9¢1  T.48 12,3 8 0 0 363 55% 0
26=T=T€ 960 2640 Be1 7.15 9.5 - — - - - -
3-8-76 1680  2L.0 .4  T.55 11,9 62 0 0 L1 52 i
9=8-76 2900 25.0 8.9 8.75 12,7 - - = = - e
16-8-76 3380  2L.5 86  ToT1  1hO 5% 0 3 Ll L9 1
23=-8=76 3510 23.5 7.8 6.99 10.3 - - - - - -
30-8=76 4700 20,0 10,2 9.93 11.5 0 0 61 39 0
6-9=T6 3170  27.5 Bs6  7.93 1641 - = & " - -
13-9-76 3540  25.5 8.3 9499 1149 8 0 0 483 L3% 0
20=9=76 6220 2345 6.9  5.62 9.8 - - - - - -
27=9=76 5200  25.5 8.2 T«56 14.6 33 0 0 55 L3 *
L~10=76 6520 2340 Te3  6.69 10.6 - - - - = -
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Epe. and blood values of sheep 505 in chronic helminthiasis

DATE Epg. PCV, Hb. RBC. WBC. Eosin. Baso., Band. Segm, Lymph. Mono
% g/dl Aom‘nﬂu 1 oWomu % % % % % %
7=-6=76 60 29.5 11.2 10.16 12,7 0 0 0 So& 60 1%
14=6=T6 80 32,5 10.3 9.55 10.6 - - - - - -
21=6=76 20 33.0 10.9 9.70 16,0 2 0 o} 55 L2 *
29=6~T6 50 25,0 11,5 9.39 15.3 - - - - - -
5=7=T76 20 20,5 il 9,52  10.3 1% 0 0 53 Ll +
12-7=76 300 31.0 113 8.49 12,8 - - - - - -
19=7=7¢ 230 27.0 10,2 8.45 11.8 8 0 % L3 L7 1%
16=7=T6 220 26,0 10,2 9,21  12.7 - - i - . -
3-8-76 1030 23,0 Jely 7.07 13.4 3 0 0 L8 L7 1%
9-8=76 1590  2L.5 8.1 7.85 9.7 - - - - - -
16=8=76 1880 20.5 7.2 6.45 11.4 1 0 1 22 76 0
23-8-76 2400 1445 6.5 596 16,0 - - - - - -
30-8-76 3300 20.5 6.8 6,60 19.9 1 0 1 373 58 2%
6=9=76 300 1845 5.7 £.92 19,4 - - - = - -
13=9=76 7310 18.5 5¢6 555 12,9 1 0 0 373 66 -
20-9-76 750 18,5 5.5 5.69 20,6 - - - - - -
27=9-76 5040 18.5 6.3 5.69 17.3 1 Q 0 Sl Lk -
L=10=76 7520 20,0 6.1 5.46 19.7 - - o . - ”




- —_

Table 131

277
Epz. and blood values of cheep 506 in chronic helminthiasis
DATE Bog. POV, Hb. RBC. WBC. Eosin, Bazsgo, Band, Segm. Lymph. Hono.
% g/al .#Om\oa.ﬂ aow\oﬁu % % 9% % 9% %
T=6=76 120 26,5 10,0 9,22 12,0 10% 0 2% I L2 L
1~6-76 0 28.5 10.7 9.63 11,8 - - - - - -
21=6=76 230 26,5 10.5 10,02 12,3 114 0 0 L5 y2 1%
29~6=76 60 26,0 9.6 8,81 9.0 - - - - - -
5=7-76 70 26.0 Fub 8.32 2.5 6 0 * 55 373 1
12=T7-7¢8 150 2845 10,5 8,91 9.0 - - - - - -
19=T=T76 490 26,5 10.2 9.11  10.3 h 0 0 L8 L7 1
26=7=76 110 2he5 9.6 8,142 Te3 - - - - - -
5-8-76 1020 22,5 9.0 €450 9.1 . 10 0 0 304 52 1%
G=8=76 1400 2045 7.5 8.0 10.3 - - - - - -
16-8-76 1130 35.5 §.0 Te2l Fa 1 € 0 0 28 6l 2
23~8-76 1940 25.0 849 7.92  11.5 ~ - -~ - - -
30-8-76 LGs0 23,5 8.1 8.19 10,6 3 0 0 Lo 50% 3
6=-9-76  3BE0 20,0 6.6 5.95 8.4 - - - - - -
13-9-76 Relele! 2245 6.9 6,60 1341 - - - - - -
20=9=76 5100 22,0 6.0 5.63  16.3 - - - - - -
29-9-76 6480 22,0 6.9 6,31 10.3 , 5% o 0 50 L 0
Lh-10=76 10300 22,0 67 5.92 9.6 - - - - -
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Epgs 2nd blood values of sheep 508 in chronic helminthiasis

DATE Epg. PCv, Hb. RBC. WB(C, Bosin, Baso, Band. Segm, Lymph, Mono,
%  g/al iofsm 10%em ¥ % 5% % % %
T=6-76 170 19.5 Tl E.96 12,8 2% 0 0 L5 c1% 1
1W=6=76 390 25,0 9.3 7.88  11.5 - - - - - -
21=6=76 1500 2.0 7.9 8,02  10.5 6% 0 2 38 53 %
29-6~76 230 22,0 7.0 6.5L 9.1 - - - - - -
5-7-76 286 23.0 8.7 6.55 8.7 bt 0 0 33% 59% 2%

12-7=16 130 25.0 Qa2 T.49 2.0
¢®Iﬂ|ﬂm wwO Mwno m.m ﬂomm qmoﬂ

26=-T-76 2010 22,0 8.4 9.53 9.1 - - - - - -
3-8=76 LS00 21,0 843 7.00 9.4 9 ° G 375 53 *
9-8-76 3130 22,5 T.6 Ta72 9.5 - - - - - -
16=8=76 6060 22,0 7.5 7.00  10.3 5 o 0 32 57% %
23-8-76 2320 19,0 £,8 7,51 8.9 - - - - - -
30-8-76 1390 20.5 Ted 6.94 11.7 5 0 o 32 63 1

6-9-76 1800 20,5 6.0 5,3 9.0 - - - - - -
13=9-76 3740 18,5 6.0 5.70 6.8 3 o 0o 3 58 7

20-9-76 37h0 1725 W7 4,51 6.8 - - - - - -
27=-9-76 640 18.5 6.1 5.88 9.0 9 -0 0 Iy 51 9

L=10-76 24,90 17.0 5.2 5.0 8.7 - - - - - -
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Tpg. and blood values of sheep 509 in chronic helminthiasis
DATE Epg. PCV. Hb, REBC, WBC, Eosin. Basc., Band, Segn, Lymph. Mono.
% g/l 10%czm 10¥erm % % % % % %
7-6-76 20 255 97 8,10 12,2 16 0 i 30% 503 2%
14-6-T6 0 28,0 10.5 9.12 9,1 - - - & % -
21-6=76 20 26.0 12 10,12 14.0 53 0 0 27 674 0
29-6-76 240 37.0 11.3 9.83 16.3 - - - - - -
5=T1-76 LLO 28.5 11,0 897 1349 7 0 0 38 55 0
12-7-76 90 2545 9o T+93 10.8 - - - - - =
19=7=76 120 1945 6o T 5.78  11.1 7 0 0 Lo% 52 -
26-7-76 1700 25,0 Fe2 Te23 11.5 - - - - - -
3-8-76 1510 2Le5 9.6 T43  11.0 v 0 0 L2+ L9 1
9-8=76 1810 25.5 9.0 8.2L 12.8 - - - - - -
16=8=76 1290 2L.5 8.0 7.32 15,0 34 0 3 L7% LéE 0
23-8-76 770 25.5 8.2 8,16 10,9 - - - = o -
30-8-76 2650  27.0 9.2 8.28  13.8 15 0 0 L5 393 1%
6=9=T6 2920 270 TeT 6,868 11,0 - - - - - -
13-3-76 2LL0 26,5 849 T.99 15,2 5 0 0 L1 59 0
20-9=76 4250 2740 Tel 6.38 15,2 - - - - - %
27-9=76 1790 22,5 Tek 6.TLh 7.5 2% 0 0 6l 32 1
L-10-76 2170 23,0 7:4 To12 97 - - - - - -
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Epg. and blood valueg of sheep 511 in chronic helminthiasis
DATE Epg. PCV. Hb,. RBC, wBC. Esoin, Baso, 3Band. Segn. Lymph. Mono,
% e/r  10fcm 10¥em % ¥ % % % %

7676 k0 26.0 9.3 7.81 8.80 5 ) 2 36 53 n
H=6-76 90 27.0 8.8 764 8.50 - - - - - -
21=E=T6 360 28,5 8,2 8.7 9.80 9% 0 Q 33 57 %
29-6=T6 0 31.0 9,0 T.23 .50 - - - - - -
5~7-16 280 21.% 745 6.64 7.80 5% Q 0 3Bk 56 3
12=-7=76 160 22.0 8.0 7.49 9,10 - - - - - -
19-7-76 520 21,0 Se1 £.66 10,96 3 0 0 52k Ll 0
26=7=T6 1490 25,0 8.8 6.8L 8.40 - - - - - -
3876 29500 29.5 9.5 7.6k 12,20 7 0 0 LS L6 14
9-8-76 2080 25.5 %4 6.73  10.70 - - - - - -
16-8-76 2690 34,5 9.5 1341 8.41 2 0 2 45 51 0
23~8~76 1310 340 7.9 6.8 9,60 - - - - -~ -
30-8-76 2080 24,0 Te? 7.79  11.80 5 0 0 45 483 1%
6-9-76 3600 23,0 743 6.69 9.80 - - - - - -
13-9-76  L760 23.5 7.0 T.ih 18,10 5% ° 2 L7 L5 2
20-9~76 2180 22,0 640 5.442 9.60 - - - - - -
27-9-76 700 26.0 6o 7.0 13.20 8 0 0 16 L 2
L=10~7€ 1000 24,0 5.7 5,66 10,80 - - - - - -
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Epg. and blood values of sheep 512 in ozu..osm.o helminthiasis
DATE Epg. PCV, Eb. RBC. WBC. Eosin, Basc, Band. Segm, L¥mph, Monc,
% g/al 10%mm  10¥emm % % % % % %
T=6=T6 210 26,0 9.9 8.78 18,00 15 o 0 274 51 %
1h=b=76 320 26,5 - 8.7 8.55 14,00 - - - - - -
29-6-76 1060 25,6 9,2 B.56 12,92 5 0 0 3% 5B 1
29-6-76 720 240 9.1 5.8, 11,50 - - - - - -
5-7=76 420 2545 9. 7.88 12,70 I& 0 0 43 52 %
12-7-76 1380 24,0 9.1 7.2 9.10 - - - - - -
19=7=76 870 22,0 843 Tel2 16,40 2 0 0 L2 56 0
26=7-76 1200 21,0 7.8 Tel16 10,50 - - - - - -
3-8-76 16290 14,0 5.5 52  11.70 3 0 0 365 57 3
9-8-76 2510 12,0 5.1 L.32  10.80 - - - - - -
16=8-76 2430 16,5 6,0 k.52 11.10 3 0 0 32 65 0
23-8-76 6750 18,0 645 5,36 15,70 - - - - - -
30=-8-76 2310 20.0 6.7 6.09 10,50 g 0 % 32 62 3
6976 5460 17.0 5.2 5.6L 21,00 - - - - - -
13=-9-76 8830 18.5 5.7 L.27 13.70 1 0 0 55 L3 1
20-9-76 1980 18.5 55 5.75 14,30 - - - - - -
27976 L90 17.0 © 5.0 5,61  11.50 L 0 0 265 68k 1

L=10=~76 2730 18.0 641 5,14 16,30 - - - - - -
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Epg. and biood values of sheep 515 with chroniec helminthiagis
DATE Epg. BCV. Hb, RBC. WBC, Eosin, 3Baso. Band, Segn, Lynph, Mono,
% g/dl Aom\nuﬁ QOu\oBB % % % % % %
T-6=76 140 2L4.0 95 8.89 12,70 9 ¢ 0 L9 L1 1
1mb=76 €0 29.5 8.9 8.49 1L 40 - -~ - - - -
21-6=T76 280 24.0 8.L 8.441 11.56 L3 0 0 264 68 1
29~6-T6 300 23,0 D9 5.64 8490 - - - - - -
5=7-76 450 23.0 9.6 8.4k 9.60 2% 0 0 S 513 0
12=-7-76 390 2.0 8.7 T.40 10,50 - - - - - -
19-7-76 340 20,5 8,6 7.20 12,60 12 o 0 392 47 13
26=T7=-76 730 21.0 8.7 T.59 8.60 - - - - - -
3-8-76 1370 22,0 8.8 7491 9.80 &b 0 0 512 I 1
9ueB=T6 1150 24.0 9.0 B.5é 11,70 - - - - - -
16-8-76 1230 21.0 B.4 7.65  15.30 6 0 0 508  L3% 0
23=-8-76 320 20.0 8.0 T.60 12.50 - - - - - -
30-8-76  LUS0 20,0 Te9 6.92  11.70 7 0 0 59% 37 1%
€=9=T6 2310 20.5 6.7 6,26 11,10 - - - - - -
13-9-76 1280 19:.5 .. 72 6.69 10,90 . .6k 0 0 52 39% 2
| 20-9-76 5260  16.0 6.6 6,88 12,20 - - - - - -
21-9-76 6680 19.0 Dol Se7T5 11,10 13 0 0 71 27% 0
4Y-10-76¢ L4980 15.5 5.2 4,88  11.%0 -~ - - - - -




. Epg, and blood values of sheep 516 in chronic helminthiasis - % <
DATE Epg. PCcV, Hb. RRC. WBC. Eosin., Baso, Band., Segm. ILymph. Mono,

o4 g/dl ._om\nmﬁ_ .ﬁow\ouﬁ % A % % % o
T=6=T6 0 39.0 the2 8,71 10,60 6% 0 0 27% 65 1
1h=6=76 0 37.5 1h.9  10.96  11.60 - - - - - -
21=6=T6 0 38,0 12,2 10490 12.70 t 0 - 0 26 703 23
29-6=T6 0 35.0 13,5 10,14 13.10 - - - - - -
5=T=T6 20 3.0 12,8 10.46 13.40 °% 0 0 36 61 2
12=7=76 0 35.0 12,8  10.67  15.50 - - - - - -
19=T7=76 30 3345 13,2 10,96 12,00 64 0 0 38 55% o
26=7=76 150 38.0 13.0 10.87 6460 - - - - - -
3-8-76 310 30.5 11,0 10,54 11,70 1 0 0 43 5% 2%
9-8-76 60 3140 12,8 1404 16,10 - - - - - -
16=8=76 60 345 12,2 12,20 11,44 3 0 1 L8t 5ok 0
23=8=76 2400 315 11,1 9.47 10,80 - - - - - -
30-8~T76 1290 31,0 1143 10,0l 13,10 6 0 0 Lid Lok 3
6=-9-76 1800 29.5 10e4 10,29 13,30 - - - - - -
13-9-76 K90 .. 26,5 . B0 . T.76 .. 12.50 _ 8 0 . 0 362 5¢ %
20=9~76 790 25.0 6.9 6.1, 9.20 - - - - - -
27-9~76 1070 2540 8.1 - 7.90 . 9,10 3 0 0 kd k9 %
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Epzs &nd blood values of shaep 519 in chronic helminthiasis

DATE Ep&e PCY. Hh, RBC., WBC. Eosin. Baso. Band, Segm, Lymph. Monc.
% gfil  10%eom 10¥orm % % % % % %
7 600 2k, 5 9.3 8.10 8.3 I 0 1 50 g 1
1=6=76 780 27.0 %3 8495 7.7 - - - - - -
21-6=76 600 2L.5 8.0 6.19 8,0 b 0 1 56 36 2%
26=6-76 0 13.0 349 3.6l 2.4 - - - - - -
E=7-16 80 22,5 8.4 7.4k 6.1 5 0 % 52d Lo 1%
12=-T~76 30 19.5 Te5 6.26 6.6 - - - - - -
19=T=76 290 16,0 640 5466 8.0 6 0 0 55 39 0
26-7-76 1490 15.7 5.7 L.20 641 - - - - - -
3mB76 110 18.0 649 8.81 6.9 L o 0 42 Lok L
9-8-76 1070 18,5 6.6 6,07 8.3 - - - - - -
16-8=76 380  21.8 6.7 673 9.5 10 0 0 . 53 35 13
23-8-76 2140 20,5 T.1 5499 9.8 - - - - - -
30=8=76 2470 22,0 7.8 7.36 10.7 1% 0 0 36 61 0
6=9-T76 2650 19,0 6.7 5,11 12,0 - - - - - -
13-9-76 1800 19,0 6.6 . 5.80 8,5 Lk o o 36 Ly 8
20-9-76 1180 ~ 18,0 ke © 3.8 5.4, 0 - o a - - -
27-9=76 2400 17.5 548 .75 7.8 4 0 0 b3 W 3

L=10-76 2470 18.5 5.9 52 %5 . - - - - - -
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Epg. and blood values of gheep 520 in chronic helminthiagis

DATE Epg. ECY. HB. REC. WRC, Bosin, Baso. Bznd. Segmes Lymph, Meono,
% g/l 10%emm  10¥om % % % % % %
7=6=T6 0 25.0 9.0 8.07 1141 5% 0 0 28% 61 T
1=~6-T76€ 20 30.0 9.3 7«55 13,9 - - - - - -
21=bT6 60 25.0 3.4 7.58 12.8 - - - - - -
29=-6=T6 100 27.0 8.1 6.95 1144 - - - - - -
E=T=76 250 26,0 9.5 8.23 14.9 1% 0 e 43 37% 0
12-7-76 100 27.0 10,3 8,66 11.C - - - - - -
19=7=76 1030 27.0 10,3 £.81 15,1 7% 0 0 L% Lh 1
26=7-T6 460 26.5 9.5 8.53 16.9 - - - - - -
3-8-76 3730 24.0 9.1 8.03 11,4 9 0 0 NS SN 1
9-8-76 2580 25.5 9.1 9.36 13.4 - - - - - -
16=8-76 2330 21,0 8.7 777 12,1 2 0 5 34 55 o
23~8=76 500 24,5 8.9 T2 12,9 - - - - - -
30=8=76 360 25.0 8.6 8.98 12,5 7 0 0 363 53% 3
6-9=T6 3820 22,5 6.5 5+95 9.3 - - - - - -
13-9~76 3000 19.5 7.2 6,55 13,7 9 0 0 Lo Wi 2%
20=-9=76 760 16,0 3.9 3.68 9,2 - - - - - -
27=9-76 500 17,0 5.7 Lol 14.8 8 ¢ 0 5o 3% 1

4-10~76 1500 19.5 9.5 407 15.9 - - - - - -
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Table 140

Epgs and blood values of sheep 522 in chronic helminthiasis
DLTE Epg. PCV. o, RBC. Whe, Bosin., Baso, Band. BSegm. Lymph. Mono,
% e/ 1ofenm  qofom g % % % % %
7-6=76 0 2640 9.4 8.h9 k.3 % 0 0 L3%  Léd
14~6=76 HO 26.0 9.9 9.08 15.3 - - - - - -
29=6=76 340 28.0 8.4 9,22 11.9 b 0 0 36 1L,5% %
29~6=T6 3h0 32.0 100 Teth 6.7 - - - - - -
5776 110 28,5 10,1 8,66 9.3 L3 0 0 R L6k 0
12-7-76 30 26,5 9.9 7,92 11,6 - - - - - -
19=7=76 200 25.0 9.8 8,74 9.7 3 0 0 51 5% %
26=T7=T76 570 28,0 10,2 G227 B.9 - - - - - -
3-8-76 L20 27,0 10.8 9,14 12,9 5 0 0 It 53 &
9-8-76 790 30.5 10,9 10,90  13.8 - - - - - -
16=8=76 320 29,0 104 9,51 10.4 2 0 1% 39 56%
23-8-76 120 270 9.6 F 7T 97 - - - - - -
30-8-76 L8O 2L.5 10.5 9.5L 132 3 0 2% 55 39 3
6~9-76 2670 29.0 9.3 8.85 12,3 - - - - - -
13-9-76 1730 23,5 9.3 9.17 15,8 % 0 0 gol L
20~9~76 _ *NF 28.0 8.8 9,18 15.0 v
27-9-76 2320 25.5 8.5 .92 16.8 2 0 0 53} 43 3
L~10-76 1510 25.0 7.8 6o 31 - - - - -

‘:.—-_w._. . -

|
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Epg. and blood values of gheep 525 in chronic helminthniasis

DATRE Epg. PCV, B, HBC. WERC. Eosin. Baso, Band, Segm. Lymph. Mono.
% g/ 10%mm 0Yem % 0% 0% % %
- 7=6=T76 340 28,0 1045 2.83 11.8 L% 0 0 18 75 2%
14~6=T76 520 26,0 8.4 7.63 9,2 - - - - - -
21=6=T6 2060 29.0 13.4 9,23 13.5 o 0 0 20y 67%F 2
29~6~T6 810 25.0 9.4 S8 143 - - - - - -
5-7-76 770 26.0 9.0 6,56  11.5 3 0 0 13% 82 2
12=7-76 590 27.C 10,0 8,19 14,3 - - - - - -
19~7-76 780 2l5 9.2 7.58 14,7 6% 0 0 29 613 0
26=7=T6 1770 23.5 8.8 8.12 1043 - - - - - -
3-8-76 2720 19.5 746 6,12 12,6 - - - - - -
9=8-=76 3040 2240 7.8 7.30 © 15,8 - - - - - -
16-8=-76 5690 17,0 D6 5.13 19.6 5 0 1 32 60 2
23=B-76 3310 16.5 56 L.55 8.90 - - - - - -
30-8-76 9740 16,5 ST 5.03 9.7 1 0 0 32 €9 0
6-9~76 7220 18,5 LT L.t 9.0 - - - - - -
13=9-76 6410 16,0 Le7 Lyt 1141 12 0 0 47  50% 1
20~9-76 10990 the0 3.4 3.07 13,7 - - - - - -
27=9-16 11500 4.0 . Lok 3l 134 2 0 0 35 63 . 0

L=10~76 37970 13.0 L1 . 3.1 141 - - - - - -




288 Table 142

Epg. and blood values of sheep 528 in chronic helminthiasis

DATE Epg. PCV, Hb, RBC. WEC. Ecgin, Baso, Band, Segm. Lymph, Mono,
% g/t 105m 1Yem % % % % % %
7=6-76 2500 25.0 8.7 7.88  1l,1 7% 0 0 50 L2k 0
1=~6<76 800 26,0 9¢3 8430 14.9 - & = = = 5
21-6-76 1860 25.0 Dol 9.1, 18,8 53 0 0 50 L2 23
29=-6=76 800 21,0 1144 8.73 14.0 - - - - - -
5=T7=76 1620 25.0 9e3 7.2 14,2 6 0 0 51 L2% *
12-7-7€ 1840 2640 9.5 8.05 14.8 - - - " s -
19=7-76 820 26,0 9eb 8.62 4.7 3 0 0 50% 35x LA
26=T=76 3230 26,0 7041 B.92 13.7 - - & - - -
3-8=76 1780 2940 10.6 9.02 17.3 - - = - = =
16=-8-76 1300 28,0 1040 9.27 15.1 2% 0 0 474 50 0
23-8-76 1300 2645 9.5 8,36 15.8 - - - - - -
30-8-76 4530 26.5 9.9 9e32 17.6 2% 0 0 L6 50 1
6=9=76 1760 2945 To7 T+33 12,6 - - - - = -
13-9-76 3030 25.5 8.9 8.23 17.0 6 0 0 50 L2 2
27=9=-T76 1920 26,0 9.4 8.4 15.4 1% 0 0 553 L2 1

L=10-76 1490 26,5 9.0 8.25 141 - - -~ - - -




Table dbu

289
Epg. and blood values of sheep 549 with chronic helminthiasis
DATE TpE. PCV. Hb, REC. WEC. Eosin. Baso., Band. Segm. Iymph. Mono,
% g/l 10%em  10¥emm ¥ % % % % %
T-6=76 300 L0.5 15.1 10.90 18.3 2 0 0 32% 6l 1
1L-6-76 30 41.0 14.9 10.29 20,0 - - - - -~ =
21=6=76 30 38.0 12,1 10.96 17.0 * 0 0 26% 73 0
29-6=76 190 37.0 13, 10,42 14,3 s = - . - -
E=7=76 340 35.0 13.2 10,94 14,0 1 0 0 36 63 0
12=7=76 110 33.0 12.4 10,50 14.0 - - - - - -
19=7-76 360 26.5 10.2 8.69 11.8 6 0 0 29 60 L3
26=7=76 620 275 9.8 8417 11.9 - - - - - -
3=-8=76 2280 29.5 11a1 9.7ThL 15.4 - - - s - -
9=8=76 3120 30,0 9.8 10.05 17.2 - - - - - -
16=8~T€ 1150 29.5 10.2 8.20 18.4 2 0 0 34 63 1
23-8-76  L12C 29,0 1044 9.46 12,3 - - - - - -
30-8-76 3090 30.0 11,7 10,64  17.9 1 0 0 36 59 13
6=9-T6 9670 29.5 9.0 8.38 13.8 - - o = & =
13-9-76 1090 24,0 9eT 9.32 12,3 3 0 0 40 57 2%
20=9=76 3730 26,0 Ts1 6.73 11.3 - - ~ - - -
27-9=76 3200 24.0 Fe1 8432 15.3 0 0 0 - - -

L-10-76 L270 2340 Te7 7.90 1546 - - - - - -




Table ,_Ek

Epg, end blood values of sheep 576 in chronic helminthiagis

DATE Epg. PCV. Hb, REC, WBC. Eosin. Baso. Band. Segm. Lymph, Mono,
o g/dl dom\oaa 103 /omm % % % % % %
T=6=76 0 27.5  10.5 7.36 743 3 0 0 L3 483 o3
14-6-76 0 25,0 8.9 9490 9.1 - - - - - -
21-6~76 0 25,0 8.6 10,26 8,3 7 0 1 1 47 N
29-6-T6 760 2Le0 1041 8411 6.0 - - - - - -
5-7~76 8L0 22,5 8.6 7.80 740 4 0 0 L6 51 12
12=7=76 - 1945 7.6 6.67 Tt - - - - - -
19=7=T6 610 1640 6.3 6,30 7.0 2% 0 0 Lik 4s 3
26=7=-76 2520 1840 6.5 6.65 7.8 - - - - - -
3-8-76 3190 1940 648 5.96 6.7 I 0 0 51% i3 0
16=8=76 1060 19.0 6.3 6.16 7.2 L 0 0 Lo L7 0
23=-8=-76 10080 13.0 L6 5.69 7.6 - - - - - -
30-8-76 2090 14.0 Ll 473 2.6 (3 0 0 L I Y 0
6~9-76 9860 110 Le3 5.04 8.6 - - - - - -
13-5-76 17260 12,0 3.9 3.03 8.6 0. 0 i W 55k 0
20-9-76 8340 10.0 2.7 2.25 6.7 - - . - - -




Table .:.+m

2n
Epge. and blood values of sheep 584 in chronic helminthiasis
DATE Epg. PCV, Hh, RBC, WBC, Fosin. DBasc. Band., Segu. Lymph. Mono,
% g/a1  10femn  10¥emm % % % % % o
7-6=76 0 26,5 3.8 9.6 15,4 0 0 0 51 W7 1%
1l=6=T76 Lo 28.5 10.4 9.50 7.8 - - - - - -
21-6=T6 940 28.0 Teb 759 941 2 0 0 L8 L83 2
2G=6=76 o) 23.0 8.3 6.22 8.8 - - - - - -
5-7-76 170 22,5 8.7 T.19 Be7 3 0 ¢ 37 59 1
12=7=76 540 1940 Te3 6.86 7.8 - - - - - -
19=7-76 850 18,0 649 5.88 7.3 I 0 - Ls L9% 3
26-7-76 1070 22,0 8.3 Te55 6,2 - - - - - -
3-8=76 2100 2ha5 942 7.58 B.6 3% ¢ 0 Lk 53 0
3-8-76 2270 2he5 8,9 8.03 1ol - - - - - -
16=8-76 1300 2440 8.2 7.30 1.3 % 0 2 50 1% o
23876 2360 20,0 Ted 6433 16,2 - - - - - -
30-8-756 3700 19.0 a7 5.99 16,9 2 o 0 W 513 2
6-9=75 1,500 20,0 642 5.78 12,0 - - - - - -
13-9=76 4320 18,0 6.1 5.69 13.1 13 0 0 Lo 563 2
20~9~76 2900 18.0 Se3 4. 87 13.3 - - - - - -
L~10~T6 2400 17.5 5.7 5.68 9.6 - - - - - -




Table 146

R Epg, and blood values of sheep 596 in chronic helminthiasis
ATE Epg. BCV. Hb, RBC. WEC. Eosin, Baso, Band. Segm. Lymph. Mona,
% g/dl 1 om.\oﬂu ._ow\ona % % % % % %

7-6-76 0 36,5 13.50 12,98 20.8 L2 0 0 Eik 27 2
1L=6=76 0 34.5 11.60 10.90 13.2 - - - = 5 =
21=6=T6 120 22,0 13,00 10,94 19,1 3> 0 0 Lo L7 0
29-6=T6 30 33,0 8491 10,24 10,7 - - - - - -
5~T~76 90 30.0 12,20 9.34  13.1 3% 0 0 50 L6% 0
12=7=76 1L0 32.5 12,30 10,20 14.8 - - i - : -
19=7=76 90 31,0 11,60 10,00  17.3 3+ 0 0 L6 L9 1%
26=T-76 1040 31,0 11430 8.49 1047 = - - - - -
3=8=T76 1330 30.5 11,60 10,74 1641 - - - - & =
G=B=76 2070 30,5 11,50 10,96 21,1 - - = o - =
16=8=76 LL00 2645 9.20 8.45 18.1 L’ 0 1 LE% L6* 0
23-8-76 10590 2La0 8.37 7437 16.9 - - - - - -
30-8-76 1890 22,5 730  6.96  26.9 6 0 0 Sl 35 L
6=9-76 9890 21,0 To10  6.81 21,2 - - - -~ - -
13=9=76 6900 17.5 5¢30 L.l 10.6 23 0 0 1 L
20-9-76 21870 13.0 460 L5 14,8 - - - ” - -

r.l.-Ol.wm Mu.__OO 17.0 m.r.o m-wr AWo.w - - - - - -




Table drH
293
Epg. and blood values of shee
DATE EpPge. PCv, Hb. RBC. WBC. E¢sin., Baso, Band, Segm, Lymph, Mono,.
% g/l 10%mm 10%em ¥ 0 % % % % %
T-6=T6 0 21,0 9.8 9.83 12.9 1 0 0 30k 68 3
1L=6=76 0 28.0 949 9.33 11.3 - - - - - -
21=6=76 196 25.0 Ge0 9.19 1641 0 0 0 6k 3% 0
29=6=T6 4O 2440 8.9 T«97 10.9 - - - = = 5
5=7-76 290 27.5 9.2 7.83 1.7 1 0 3 Ll 52% 2
12-7=-76 70 23.4 8.4 6.72 14.0 - - - - - -
19-7-76 680 2L.5 8.8 7492 11.0 I 0 Q gl S 2%
26=T=T76 470 23.0 8.9 8.17 5.2 - - - 5 & &
3-8-76 730 19.5 8.0 7.08 8.0 3 0 Q 31 63 3
9-8-76 1780 20,0 Y 6.46 10.9 - - - - - -
16-8-76  1L0O 20,5 Ts5 6.81 14.7 L 0 2 50 55 0
23-8-76 6080 21.0 6.8 5.6L £.7 - - o - - -
30-8-76 430 20,0 7.0 6469 16.4L 5% 0 4) £3 0 1%
6=9=T€ 2700 20,0 Be5 SeTh 14.3 - > - = i H
13-9=76 5470 17.0 L9 Lab2 6.0 b 0 2 53 LOx *
20-3=-76 6110 14,0 3.9 2.83 6.8 - - - - - ”
27-9=76 1700 170 5.9 439 14.8 1 0 ¢ 595 393 0

L=10=76 7260 16,0 5.9 5.63 12,1 - - - - - -




.

Table 1,8
29,
Epgs _and blood values of sheep 1111 in chronic helminthiasis
DATE Epg, PCV, Hb, REC. WBC. Bosin. Baso, Band, Segm, Lymph, Mono.
o g/d1 L_oa\ng Sw\asa % % % % % %

T~6=76 o 21.0 8a1 8.03 8.7 0 0 0 L3 53 4
Th=6-76 0 25.0 8.7 9,27 743 - - - - - ~
21=6=76 50 26,0 8.k B.0%8 9.2 2% o 1 L3 52 1
29«6-T6 30 23.0 10.8 9.58 7.0 - - - - - -
S5=7-76 1160 27.0 9,8 8.25 7.6 2 0 0 53 Ly 1
12=7=76 2000 25.0 9.2 8,11 9.4 - - - - - -
19-7=76 2190 Clotted
26~7-76  234L0 22,0 8.1 6.78 6,0 - - - - - -
3876 3570 19.5 . 7.4 6.69 Ty 5 0 0 Ly LB 3
9-8-76 2270 19,5 6.4 6455 8,2 - - - - - -
16=8=76 3100 22,5 7.2 6.45 Te3 * 0 it 50 L7 1
23-8-76 3030 20,5 7.0 5.6l 15.0 - - - - - -
30876 5430 19,0 643 5.63 18,2 3 0 0 60 36 1
6-9-76 12870 13.0 6.2 S.6L 13.6 . - - - - - -
137976 5090 17,0 5.2 hes 121 7 T o 0O - 66 MMk 13
20-3-76 5700 14,0 3.6  3.37  13.9 - - - - - -
27-9-76 12820 13.0 heO 3,63 12,3 . 2 0 0 523 2% 3

4=10-76 8900 145 3.5 2,41 13.0 - - - - - -




ot

Table 149

. 295 )
’ Worns recevered from the groun of sheep with ¢hrenic infection
.
Haemgnichug spp Trichostrongylus spp
No, Adult Tmnature Adult Immature Strongyloi-} Others
des spp.
L95 120 7000 11000 300 0 o
L99 500 3100 11400 0 0 0
500 700 3000 7500 600 200 O
o 300 8500 21000 200 G 0
502 0 10000 12200 4] Lo Hoo
803 0 6500 11400 0 4] o]
505 200 12000 14200 800 0 0
co6 200 L200 13700 100 0 0
508 0 8000 L4800 700 300 0
509 100 5000 19100 1100 800 4]
511 0 11000 18600 0] 0 100
512 200 16000 15300 Loo Q 0
515 800 3500 13100 8C0 0 200
16 160 6000 17400 200 2600 0
519 600 2800 11000 200 0 0
520 200 LO00 9600 1000 0 9]
£22 300 10000 7000 7000 100 0
525 200 18100 15100 0 100 100
528 0 ShOG 21000 0 o 0]
549 100 3000 6500 500 300 0
576 300 7200 12800 300 0 200
58y 0 1700 9700 300 0 0
596 Loo 3000 17000 9Co 100 0
1107 0 2000 8200 0 o Q
1111 0 13000 11100 200 0 0
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Pasture infectivity in the northern Guinea Savanna of Nigeria,
the epidemiology of inhibited trichostrongylid larvae, resistance of
these inhibited larvae to anthelmintics and some haematological changes
in groups of sheep suffering from acute and chronic helminthiasis were
the objects of this study.

Analysis of pasture infectivity by monthly worm counts in tracer
lambs revealed that large numbers of infective larvae were picked up on
pasture from June to October. From November onwards, the number of
infective larvae on pasture decreased gradually until the middle of
January when no more larvae were acquired. Sterility of the pasture
remained in this form until the later part of May when infectivity resumed
due to availability of adequate moisture,

Studies on inhibited development of trichostrongylid larvae using
groups of ewes and lambs showed that only the species of Haemonchus

and Trichostrongylus do exhibit inhibited development in the Northern

Guinea area. High rates of inhibition were found in Haemonchus contortus

throughout the dry season. At the end of the rainy season, high level
of inhibited development of larvae were obtained in 2 lambs infected
experimentally with infective larvae cultured for 7 days at 2?°C,
suggesting that the capability to go into inhibition may be determined
by the genetical constitution of the larvae and not only determined by

environmental conditions on pasture acting on the infective larvae.



Degree of inhibition in Trichostrongylus Spp. 1s quite low compared to

Haemonchus spp. Inhibited larvae come out of inhibition in April at the
onget of the rainy season,
| Anthelmintic trials against inhibited trichostrongyle larvae using
Nemafax, Thiabendazole, Ranide and LoXon 2 at varying dosages showed
that Nemafax and Thiabendazole at 100 mg/kg. and 200 mg/kg. body weight,
were highly effective against inhibited larvae. At 50 mg/kg however,
they were not quite effective.

Ranide at a dosage as high as 15.16 mg/kg and Loxon 2 at a dosage
of 51 mg/kg body weight gave unsatisfactory results, against inhibited
- trichostrongyle larvae,
Systematic observations of blood changes of sheep with acute and
f}lchronic helminthiasis revealed that in the group which suffered from
acute helminthiasis, there was a quick rise in helminth egg output
" with corresponding rapid fall in PCY, Hb, and RBC vaiues. DProgressive

increase in neutrophils and progressive decline in lymphocyte values

.. were observed,

In the group with chronic helminthiasis however, helminth egg
output increased very pgradually. Similarly, there was a graduval fall
in FCV, Hb, and RBC values. Fluctuations were observed in the values

of eosinophils, lymphocytes and neutrophils,




